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1.0 INTRODUCTION

The Portable Computing Technology (PCT) project was structured to evaluate and test
advanced computer processing technology, create testbeds, integrate advanced wireless
communications, and demonstrate advanced mobile client server applications.

Phase I, which was completed June 1993, concentrated on research in display and
processor technologies, modular packaging techniques, software testin g, and
customization of power and interface technology to meet NASA performance and safety
requirements for the Shuttle. As a result of the research five testbed systems were
completed based upon an Intel 486 microprocessor, with a modular design featuring a
display module, a detachable keyboard and a removable hard disk drive. These testbeds
supported multiple mounting configurations for additional flexibility in a micro-gravity
environment.

Phase II, the subject of this project report, focused on:

1) Design and development of two Advanced Portable Workstation II (APW II) units.
These units incorporate advanced technology features such as a low power Pentium
processor, a high resolution color display, National Television Standards Committee
(NTSC) video handling capabilities, a Personal Computer Memory Card International
Association (PCMCIA) interface, and Small Computer System Interface (8CSI) and
ethernet interfaces.

2) Use these units to integrate and demonstrate advanced wireless network and portable
video capabilities.

3) Qualification of the APW II systems for use in specific experiments aboard the Mir
Space Station.

A major objective of the PCT Phase II program was to help guide future choices in
computing platforms and techniques for meeting National Aeronautics and Space
Administration (NASA) mission objectives. The focus being on the development of
optimal configurations of computing hardware, software applications, and network
technologies for use on NASA missions.
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1.1 Final Report Format

The final report has been organized in sections, with each section representing an APW 11
Module, mechanical specifications and test results. Below is a list of the major sections
that are covered in the report:

*  Wireless Server Module (WSM)

* Display Module (DM)

* Battery Module (BM)

* Keyboard Module (KM)

e APW II Mechanical Configuration
*  Wireless Computing Device

* Demonstrations

* Test Results

» Safety Data Information

Each APW II module section describes the main features of that particular APW 11
module and its components. Each section has an associated appendix that includes the
data sheets of the components used in the APW II design as well as reference information
on additional complimentary products. In addition, the appendices also contain test
results conducted on the APW II during the design veritication phase of the program.

1.2 Preface and Acknowledgments

The PCT Phase II project was supported by Contract Number NAS2-13902 from the
NASA Ames Research Center. The SAIC project team consisted of the following
individuals: Michael Castillo, Kenyon McGuire, and Alan Sorgi. Product and corporate
names may be trademarks or registered trademarks of other companies, and are used only
for explanation and to the owners’ benefit, without intent to infringe. A list of
abbreviations and acronyms is provided in Appendix 12.
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2.0 WIRELESS SERVER MODULE

‘The APW II Wireless Server Module (WSM), Part Number 65460-1, consists of a single

assembly which includes the Central Processing Unit (CPU) (printed circuit card and

components) and the power supply (printed circuit card and components). The WSM is
the main module of the APW II system. It was designed to include the most current
computer technology such as the Pentium Processor, a Peripheral Component

Interconnect (PCI) Local Bus, Error Detection and Correction (EDAC) Single Inline
Memory Modules (SIMM), NTSC video input and a Dual PCMCIA interface. Figure 1
depicts the overall APW II system configuration.
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2.1 'WSM Specification

At the start of the project the initial baseline requirements for the APW II focused on six
major elements. These elements were considered important to the success of the project
so they were evaluated closely. SAIC assessed both the technical and financial merit of
incorporating these elements into the APW II with the focus of the design on the WSM,
since it was the module that would have the most complex elements (the CPU and the
power supply). The key areas reviewed were:

* a low power 486 processor

* 16 Mega Bytes (MB) Dynamic Random Access Memory (DRAM)

» a PCMCIA Ethemet card (Type II or Type III)

* PCMCIA slot

* One RS-232 interface and one RS-422 interface

» a NTSC Video interface

Once SAIC completed the assessment the results were presented to NASA at the
Requirements Review. As a result of the review, both SAIC and NASA Ames decided
that the above features could be incorporated into the APW II with little risk and within
the projects budget and schedule. Besides the listed features above, several additional
features were evaluated for possible incorporation into the APW II. The features
included:

* a low power Intel Pentium processor at 90 MHz

* 32 MB DRAM expandable to 64 MB with Error Detection and Correction

(EDAC)

* a 260 MB removable hard disk

a3.5", 1.44 MB floppy drive of low-volume design

A SCSI interface supporting SCSI-II operation

a built-in Ethemet interface

an Enhanced Parallel Port
¢ a Super Video Graphics Accelerator (SVGA) analog RGB monitor output

SAIC evaluated the additional features and concluded that these features could be
included.
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2.2 WSM CORE SYSTEM

Architecturally, the WSM is comprised of a core system and other major components.

Figure 2 depicts the Core System Block Diagram.

The core system consists of a low power Intel Pentium processor at 90 MHz, an OPTi

Figure2 Core System Block Diagram
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Viper Chipset, 32 MB of DRAM expandable to 64 MB with error detection and
correction (EDAC), 512 KB of Cache Memory, a PCI Bus, and an International System
Architecture (ISA) Bus.

Other major system components include a SCSI-II and Ethernet Interface, a NTSC Video
Interface, a Video Graphics Accelerator (VGA) and Flat Panel Interface, /AT Interfaces
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(Serial, Parallel, Keyboard/Mouse, Integrated Drive Electronics (IDE), Floppy), a
PCMCIA Interface (Dual Slot), a Power Supply, and a temperature monitoring feature.

2.2.1 Pentium Processor

2.2.1.1 486 versus Pentium

During the preliminary design phase, it was decided that a higher performance machine
was more important than a lower power implementation of a 486 processor. Therefore, it
was decided to go forward with a design using a Pentium. Another consideration for
using a Pentium processor was NASA needed a system that could handle Electronic Still
images and real-time video input. These functions typically require a high speed bus for
processing of the data. SAIC determined that a PCI bus could support these functions,
however, to take full advantage of the PCI bus a Pentium processor would be required.

The decision to implement a system using a Pentium was not without risk. The risks
centered around the use of certain critical interfaces, availability of components, and
system design approach as it relates to the Pentium architecture.  The critical interfaces
included the PCI Bus, the NTSC video, the ethernet and the SCSI 11, all of which were
newly released products. These interfaces were relatively new and in most cases SAIC
relied on the preliminary information from the manufacturer and pre-production
components to start the design process early.

2.2.1.2 Pentium Processor Features

The Intel Pentium processor (90 Mhz) delivers the highest performance possible for a
Personal Computer (PC). It is compatible with the huge base of PC software and runs
applications up to twice as fast as the Intel DX4 processor. Additionally, a Pentium
processor delivers the extra power needed for today’s PC applications. The Pentium
processor is capable of running the most demanding mobile applications and has the
performance to run full screen, full-motion video, real-time animation, compute intensive
3D modeling graphics applications, and mobile multimedia presentations.

Another characteristic which makes the Pentium unique, is its power management
capabilities. With concern over power consumption, the Pentium has incorporated an
architecture to provide a platform for high performance computing, yet manages to keep
power consumption to a minimum. For instance, the Pentium has the ability to quickly
disable the numeric processor when no floating point operations are occurring, and can
also reduce its power consumption to 20 percent of normal during "HALT" states.
Another main feature of the Pentium is the use of a 3.3 volt design, which significantly
reduces power consumption over that of its predecessor. One other power saving feature
of the Pentium is its ability to stop its internal clock on demand. This can also be used to
reduce the Pentium’s power consumption by reducing its performance in small
increments until the desired level of heat production or power consumption is reached.
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2.2.1.3 Pentium Benchmarks

Figures 3 and 4 show comparative benchmark results for the Pentium processor and the
PCI bus, both of which were incorporated in the APW II design. The results show
tremendous gain over that of a 486 DX4 and an ISA bus respectively. See Appendix 10
for additional benchmark results for the APW II.

IComparative Processor Benchmarks Power Meter 1.2 MIPS
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Figure3 Power Meter Benchmark Results
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I PCIEISA/ISA Comparative Bus Performance (MB/sec) I

140

120

100

80

60

40

ISA 16 Bit ) EISA 32Bit Burst PCI 32 Bit Burst

Figure 4 PCI/EISA/ISA Bus Performance Benchmark Results

2.2.2 Chipset Selection

Several processing core logic chipsets were considered for implementation into the APW
II design. The choices were based primarily on availability. Other criteria centered
around the chipsets ability to work with the Pentium architecture. The initial choices
under consideration were VLSI Technology's "Supercore 590", ACER's "Aladdin”
M1461/M1449, International Business Machine’s (IBM's) latest EDAC chipset and
OPTi's "Viper" Desktop Chipset. All the chipset candidates exhibited main features
meeting the basic requirements for the APW II system. These included 3.3 volt support
for reduced system power, an integrated PCI local bus, an ISA bus, and a memory system
optimized for operation without secondary cache.

The following is a summary of each of the chipsets reviewed.

IBM Microelectronics. This chipset features the ability to run with any speed variant of
the Pentium, supports low power 3.3 Volt operation, "green” features for implementing a
Microsoft Advanced Power Management (APM) driver, and contains a built-in EDAC
circuit. The chipset's EDAC feature can be used with standard 36 bit SIMMS. Other
features included a very high integration which reduces part count, a built-in cache
controller and a PCI interface. The IBM chipset was in alpha test at the time chipsets
were being evaluated. Due to unavailability and the high risk of using alpha parts, these
chips were not tested.
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VLSI Supercore 590. The VLSI chip was evaluated and found that it did not support
ECC. Non-availability of the parts for testing and evaluation after initial release of the
design eliminated this choice.

ACER "Aladdin". The ACER chipset was reviewed as a candidate for implementation
into the APW II, however, several things worked against using the chipset. First, the
chip was developed and manufactured overseas in Taiwan. This was a concern
considering the complexity of the design, and getting adequate technical support during
the design process. Second, there were some existing problems with ACER’s existing
chipset design which raised a flag of concern on the new design.

The OPTi "Viper" Desktop Chipset was selected for use in the APW II. SAIC has had
past experience using OPTi components and has developed a good working relationship
with the company. Because of the schedule constraints and the complexity of the design,
SAIC felt this relationship would be a benefit during the design process should there be
problems later on.

In the end it was OPTi’s Viper Desktop chipset that provided the best performance,
compatibility, technical support, and most important, availability.

2.2.2.1 OPTi Viper Desktop Chipset Features -

The OPTi Viper Desktop Chipset provides an integrated solution for the Pentium
processor. It is 100% PC/AT compatible, supports the 3.3 V Pentium, supports up to
three PCI masters, one VESA slave and six ISA slots. It also supports both synchronous
and asynchronous SRAM and DRAM configurations up to 512 MB. The OPTi Viper is
comprised of three chips: a Data Buffer Controller (§2C556), a System Controller
(82C557), and an Integrated Peripherals Controller (82C558).

The Data Bufter Controller performs the task of buffering the CPU to DRAM memory
data path, and also performs parity check. While the System Controller provides the
control functions for the host CPU interface, the level 2 cache, the DRAM bus, the VESA
Local bus interface and the PCI interface. The Integrated Peripherals Controller contains
the AT bus controller, which includes a Real Time Clock (RTC) interface, a 82C206, a
Direct Memory Access (DMA) controller and a system power management unit.
Appendix 1 contains additional information on the OPTi chipset architecture and the
other components used in the APW II design.

2.2.3 Memory

Due to memory corruption failures experienced in space, as it relates to Single Event
Upsets, it was decided to design the APW 11 to use either a core chipset that implements
an embedded Error and Correction Coding algorithm within the chipset itself, or as an
alternative, ECC SIMMS which would provide the same function but at a much lower
cost. It was decided to use the ECC SIMMS primarily because there was no ECC Core
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Chipset in production. A new ECC chipset from IBM was reviewed, however the Beta
release and delivery would not meet the PCT II project schedule requirements. Using a
Beta ECC chipset was determined to be a high risk to the APW II design as well.

The ECC SIMMs selected for implementation were the IBM11D4480B-70, in production
by IBM. This product has been in use by IBM internally on their corporate main frame
systems and by the military in some of their critical computer system applications. It has
been only recently that IBM made this product available to the public. Although the size
of the SIMM itself is larger than normal SIMMs, they were incorporated into the APW II
design to provide a more reliable and robust memory system.

In addition to installing 32 MB of ECC DRAM, SAIC designed the APW II with 512 KB
of secondary cache. Although the decision to add cache would add to the overall power
consumption of the unit, cache was essential in order to take maximum advantage of the
Pentium’s speed. The cache operates synchronously to the Pentium processor in
"synchronous burst" mode providing the utmost in system performance. The secondary
cache architecture design uses "write-back"” cache.

224 PCIBus

The PCI local bus is a high performance bus that provides a processor independent data
path between the CPU and high speed peripherals. PCI is a robust interconnect and is
designed specifically to accommodate multiple high performance peripherals such as
graphics, full motion video, SCSI, and Local Area Network’s (LAN’s). In addition, PClI
offers low latency data access and a guaranteed minimum bandwidth by featuring
programmed burst size, bus arbitration for single accesses, resource locks and support for
look ahead arbitration.

In general, the overall performance of the PCI on a 486 system is about equal to the ISA
bus or both read and write operations. In Pentium systems the technical capabilities of
PCI will exceed the current ISA bus architecture.

On a high-performance computer running a true multitasking operating system such as
0S/2, Windows NT, or Unix, PCI gains the upper hand in performance, because of its
ability to work concurrently with the CPU. This allows the CPU and PCI bus to proceed
along simultaneously. In addition, the PCI's bus isolation allows faster processor speeds.

For the APW II design the PCI bus was used with high performance peripherals including
video, SCSI, Ethernet and PCMCIA. The ISA bus was used for lower performance
peripherals such as IDE, keyboard/trackball and tloppy.
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2.3 SCSI/Ethernet Interface

The APW II design initially required ethernet being implemented through use of a
PCMCIA Ethernet Adapter card. Advanced Micro Devices (AMD) recently developed a
single SCSI/Ethernet chip which provided both functions in a single a chip, the
Am79C794. Figure 5 depicts the SCSI/Ethernet Block diagram. This chip was examined
and the decision made to use it to provide an on-board ethernet function, freeing up one
of the PCMCIA slots for future expansion.

40 20
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Clock Clock

i ' ¢ 10 BASE T
FILTER (&€

ETHERNET
CONNECTOR

|  core | T AMD
I SYSTEM l AM79C974
L. — — <—
scsl
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EEPROM oo
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<> &
[B]
scsi
—>»| TERM.

Figure 5 SCSI/Ethernet Block Diagram

The APW II SCSI/Ethemet interfaces are controlled by the AMD Am79C794
combination Ethernet and 8-bit Fast SCSI Controller with a 32-bit PCI interface. This
chip is a high performance bus-mastering device that provides high data throughput in the
system with low CPU and bus utilization.

The Ethernet interface supports ISO 880)2-3 (IEEE/ANSI 802.3) and Ethernet standards.
The SCSI interface is compliant to ANSI standards X3.131-1986 (SCSI-1) and X3.131-
199X (SCSI-2).
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The SCSI disk interface provides high performance fast SCSI-II transfers atup to a 10
Mbytes/sec transfer rate when using synchronous drivers. By using PCI bus mastering in
conjunction with a 96 byte transfer First-In-First-Out (FIFO), this transfer rate can be
maintained with a minimum of bus latency. In addition, an on-chip state machine
automates many common command sequences in order to reduce "low-density” PCI
traffic.

2.4 Video Interface

The APW II was designed to provide a high performance video controller with a 32-bit
PCI bus interface and the ability to accept NTSC Video input. Figure 6 shows the Video
subsystem and the major components that comprise the video interface subsystem. The
video section is actually split, with the primary VGA controller on the PCI bus and the
NTSC front end on the ISA bus. In order to speed data transfer to the display, the VGA
controller is located on the PCI bus.
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Figure 6

Video Block Diagram

One megabyte of video memory was provided in the form of two 256 K x 16 DRAM's.
This allows support of all standard, Super and Extended VGA resolutions up to 1024 x
768 with 256 colors as well as 16 bit color and 24 bit color modes. Hardware based
acceleration is provided by a sophisticated 32-bit graphics engine for Bit Block Transfer,
color expansion, hardware line drawing, hardware cursor, and other functions used
extensively by Graphical User Interfaces (GUI's).  An onboard 32 bit graphics engine

provides fast GUI interface operations such as BuBLT transfers and hardware line

drawing. The APW II also supports a flat panel interface which has been optimized for
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the Sharp LQ10DXO01 Display. ECL drivers were used to source the flat panel signals
allowing the signals to be transmitted over twisted pair cables of lengths up to 10 feet.

The Chips & Technology 82C9001A PC Video windowing chip is the core component of
the APW II video subsystem which converts a standard full-motion video image into a
format for display on a CRT or {lat panel monitor. The PC Video logic controls
positioning and scaling of the video image on the output display and allows the video
image to be merged with computer graphics. The NTSC feed is processed using a

* Phillips Desktop video chipset. Windowing and frame capture of the NTSC feed is
managed by the Chips 82C9001A "PC Video" chip.

Because of the high risk involved with designing an analog NTSC video input interface, a
separate circuit board was designed for the analog portion of the NTSC video design.
This board connects directly to the main CPU board. This design approach allows for
easy redesign of the analog portion of the NTSC Video if changes are required. The
thought being that a redesign of a small board versus a complete redesign of the CPU
board is much more cost effective, both in time and money.
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2.5 /AT Interfaces

“The APW 1II was designed to provide standard /AT interfaces. Figure 7 shows the major

components of the /AT interfaces used in the design.
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Figure 7 /AT Interface Block Diagram

The serial, parallel, IDE and floppy interfaces are provided by a single-chip I/O adapter
(82C735). This adapter allows for software controlled power-down of individual sections
for power conservation. In order to provide optimal compatibility with current software,
the individual sections for the Input/Qutput (I/0) adapter are register compatible with

commonly available O adapters.
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Two high-speed IBM compatible serial ports are provided on the APW II. Serial port 1 is
implemented using the RS-232 standard interface. While the second serial port is
implemented using the RS-422 standard interface. Although RS-422 is recognized as a
'standard’ the fact is there is no clearly defined signal pinout which can be followed. With
the RS-530 fast becoming a widely accepted recommended standard, the RS-530 protocol
was used to define the signals for the RS-422. In fact, many manufactures are now using
the RS-530 as the signal definition for the RS-422.

The parallel interface supports both the "Enhanced Parallel Port" or "EPP" versions 1.7
and 1.9 as well as the Microsoft/Hewlett-Packard "Enhanced Capabilities Port" or "ECP"
parallel port specification.

The APW II supports a 32 bit PCI local bus IDE hard disk interface. The IDE interface
supports both primary and secondary drives and can be enabled or disabled.

The floppy interface supports up to a 1.44 MB floppy. The internal controller uses a
digital data separator, and is software and hardware compatible with Intel's 82077AA
floppy adapter.
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2.6 PCMCIA Interface

The APW II was designed to support a dual socket PCMCIA (Personal Computer
Memory Card International Association) interface. The interface makes use of the Cirrus
Logic CL-PD6729 PCMCIA Host Adapter on the PCI bus and is compatible with
PCMCIA standards 1.0, 2.0, 2.01 and 2.1 as well as JEIDA 4.1.

The PCMCIA interface uses a dual slot 136-pin connector that accepts Type I, I and
Type III cards. Mechanically the two slots were stacked to conserve space. A “side-by-
side” configuration was considered, but limited external surface space on the WSM
prevented this configuration from being implemented.

The two PCMCIA sockets can be of mixed voltage requirements (5 volt and 3.3 volt). In
addition, access cycle timing is programmable, multiple power saving modes are also
available, including suspend mode which turns off the internal clock, and low power
mode which stops PCMCIA transactions and turns off most of the internal circuitry.
‘Figure 8 depicts the PCMCIA Controller block diagram.

: DUAL
SOCKET
| ' 4

K| oo | i

|

|

I

|_
VPP A
VCCA
vPPB
vcen

+12 )
e A
TI

*i; l TPS2201

Figure§ PCMCIA Controller Block Diagram
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2.7 Power Supply

A large portion of the APW II system design was spent determining the power supply
architecture. The design effort focused on getting the power supply in the space
available, meeting the voltage input boundary conditions, and providing a charging
circuit for the battery pack.

2.71 Power input

The voltage input range requirements were specified to be 24 to 32 volts.

Implementation of a voltage range between 12-45 volts was evaluated, however it was
determined that this entire input voltage range would be relatively difficult to
accommodate with an acceptable etficiency rating. Also, the preliminary power budget
analysis indicated that it would be difticult to develop a small power supply due to the
large peak currents required in the battery pack. The APW II power supply was extended
to accept an input voltage of 18 to 45 volts. Figure 9 shows the power supply system
architecture.

— 33V g 33

Circuit Breaker Main Regulator VvVDC
1842 Reversed DI_/ Filter {4 Power [
vDC | Polarity/Over Supply's
Voltage Trap DI -
* J_ e~ § VDC
Constant Crowbar P 12V
Current
Source
"HOT" 5 Volt
] Supply
Charge . '
Limiter
Battery
) To CPU
L { Voltage Monitor || Isolation | — e System
Monitor

Figure 9 Power Supply Block Diagram

The power input of the power supply is protected against reverse polarity and voltages of
over 45 volts by a simple crowbar circuit and self-resetting fuses. In the event that a
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continuous power fault is applied, the crowbar will activate and open the fuses. Upon
removal of power, the fuses reset.

2.7.1.1 Power Supply Protection Circuits

The power supply is designed with three levels of protection to prevent damage to the
CPU and other electrical components from a power glitch or failure; input voltage
protection, current surge protection and over voltage protection.

The first level of protection is the input fuses used at the power input of the unit. These
resettable fusses will trip if there is an abnormally large current drain on either of the
input lines. The fuses are rated to trip at 5.7 Amps.

The second level of protection is provided by the circuit breaker (on/off switch). The
breaker (current rating is 5 Amps) will also trip if the current draw is abnormally high on
either of the input lines. The fuses and the circuit breaker provide the APW II system
with a dual redundant power input circuit protection against large input currents.

In addition to the two circuit protection schemes described above, the APW II power
supply design also incorporates reverse polarity and over voltage protection circuits. The
reverse polarity protection was designed by using a diode across the two input lines. The
over voltage protection is accomplished within the American Telephone and Telegraph
(AT&T) modules themselves. If a voltage spike of more than 45 volts is detected the
power supply modules shutdown until the voltage is lowered below 45 volts.

2.7.2 Power Supply Evaluations

Following is a summary of several power supply products that were evaluated for
possible implementation into the APW II power supply design. The selection criteria
was based on finding a power supply that would; fit within the mechanical layout of the
WSM, be at least 80% efficient, have an input voltage range capability of 12 to 40 volts
and be reliable. Availability was another factor which also weighed heavily in the final
decision.

Vicor, which is a major manufacturer of power supplics, was one of the main candidates
under consideration based on previous designs completed at SAIC. In fact, Vicor
modules were used in the APW I design.

Vicor was thought to have produced a more efficient, smaller power supply than their
current VI-j series, but did not. The VI-j series would have been a consideration, but the
size of the module was a concern. Vicor indicated that the next generation power
supplies will be completed next year.
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1) Vicor

The relatively large size of the VI-j Vicor power supplies only allows two modules to fit
into the mechanical envelope of the WSM. In order to get the power budget to fit the
design constraints, one module would need to be 5 volts, the other 12 volts. In the 18-36
volt range inputs, the VI-j would only supply 50 watts at 5 volts. This is sufficient for the
S volt supply. The 3.3 volt and 12 volt requirements must then be generated from a
single 12 volt VI-j supply. This is technically feasible, but would not be very efficient.

" The 12 volts could be filtered well enough, however, to increase the noise immunity on
the Liquid Crystal Display (LCD) bias supply a 15 volt VI-j would be required. The
LCD bias could then be supplied by small linear supply of the 15 volts. With no more
than a 3 volt drop, the power loss from the linear would be trivial. The linear regulator
would act as both a decoupling and a noise filter. Most backlight supply vendors stock
15 volts as a standard input. A problem with this is that Vicors do not withstand input
spikes. Vicor would not guarantee the units operating with an input spike of 45 volts for
a duration of 3 seconds, even with the IAM module.

2) Pico

The Pico power supplies require at least a ten percent load on the outputs of the modules.
The supplies react to an under load situation by eventually “blowing up” due to over
voltage spikes within the power supply. This is an unacceptable side effect, therefore
SAIC dropped the Pico power supply from consideration.

3) Interpoint

Interpoint makes a pair of power supplies which met the APW II power requirements.
The Interpoint supplies meet most of the requirements such as size, surge suppression,
emissions, and Mean Time Between Failure. The model numbers that were evaluated
were the HR703-2812 for the 5 volts and "clean” 12 volts, and the HR301-2812 for the
"dirty" 12 volts and 3.3 volt supply. These modules can tolerate the 45 volt spike, have
no minimum load and have a manageable inrush current. However, they are difficult to
mount and fit within the mechanical envelope of the WSM. For example, they have a flat
plate with pins coming out and are covered with a metal can. In order to heat sink these,
they would need to be secured to a metal plate with the pins passing through. Evaluating
the WSM design, implied that in order to use the WSM case as a heat sink, the modules
would appear as "blisters” on the outside cover. In addition, the Interpoint power
supplies are very expensive compared to the other modules evaluated.

4) Modular Devices

Modular Devices also made small packaged power supplies, but were very expensive.
They were similar to the Interpoint device, in that they mounted through the heat sink
instead of on it. The Modular Device power supplies were not considered for
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incorporation in the APW II design due to the expense of the supplies and the mounting
configuration issue.

5) EG&G

The EG&G module met most of the APW 1I functional requirements. It is more
expensive than the Vicor’s, but much less than Modular Devices and Interpoint. Itis 27
x 4.6” x 0.5", which fits well in the projected mechanical layout of the WSM. They
operate from 45 volts with spikes up to 55 volts, while not tripping the input protection.
The EG&G power supply is over 80% efficient and heat sinks directly onto the surface
which is highly desired. It has a 5 volt output with a capacity of providing 15 amps.

The EG&G power supply has a minimum load, but the factory said that the 12 volts can
be totally unloaded without any problems. The unloaded 12 volts will rise approximately
10% in voltage. EG&G recommended using a Zener to limit the voltage rise if this is a
problem. This would not be a problem since very little current will flow when the LCD
is powered down. In this case only the external backlight/bias control switch MOSFETs
will see the over voltage, which they can easily handle. If the S volts is unloaded, the 12
volts will “droop”. The minimum load on the 5 volt output is rated at 2 A at 5 volts,
which is not a problem, however, EG&G said that if the full 12 volt output is not being
used this can be relaxed to about 1 Amp.

The only problem with the EG&G unit is the cost and availability. The part number
evaluated was the LC810, which is the commercial version of the HPC2. Even as a
commercial product, the LC810 meets MIL-STD-704D, MIL-STD-810, NAVMAT ESS
and MIL-STD-461 noise emission with an external LC filter. SAIC was very pleased
with this product and would have used it in the design. However, the product was
currently behind in production and EG&G could not commit to a delivery date. For this
reason the EG&G product was removed from consideration.

5) AT&T

The AT&T power supply modules that were evaluated, fit within the size constraints of
the WSM mechanical envelope, and met the power and voltage requirements. The power
supplies could easily be attached to the printed circuit board and then mounted directly to
the WSM chassis. The WSM chassis was used to reduce the heat dissipation that the
power supplies produce. In addition to meeting the APW II power supply requirements,
these modules were also available and reasonably priced, making the AT&T modules the
preferred choice for implementation into the APW II design.

In summary, the AT&T modules meet with NASA approval in that they're aerospace
"style" power supplies, they are fairly compact which eases the mechanical design
constraints, they can be mounted directly to the WSM chassis and they could be procured
in time to meet the project schedule.
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2.7.3 Battery Charging and Discharging

Preliminary estimates showed that ncarly 45-50 watts would be needed at peak power
consumption of the APW II unit. This estimate excluded the PCMCIA sockets and
battery charging current. The final power budget showed these initial estimates to be
low. This presented problems primarily in heat dissipation and in the current loading on
the batteries. In order to reduce the peak battery current, the battery pack voltage must be
held as high as is reasonably possible and converted down.

To design an efficient charging/discharging scheme for APW II, several different
techniques were considered. Following is a summary of each technique.

A simple resistor circuit design-passive solution. This design approach has the
following advantages; its inexpensive, it’s NASA approved (was used on APW I), and it's
hard to break because it's a simple solution. The disadvantages are; it dissipates a lot of
heat if the batteries are low, it doesn't deal with overcharging if the spacecraft power rises
above the normal voltage (this can be alleviated with a Zener at the input of the circuit),
and it doesn't bring the batteries to full charge unless the charge voltage is at or above 24
volts.

A two-stage constant current source. The two-stage constant current is similar to the
simple resistor method and has the same advantages and disadvantages of charging more
quickly (.1Charge) when the battery voltage is low, and stepping down to a lower trickle
rate (.01C) when the battery is "charged".

Active battery charging method. An active charging circuit will charge a battery pack
by using a fast charge rate (a high current rate such as 1 C) for a sustained period of time
that is calculated by how much charge is stored in the battery pack. An active charger
will stop fast charging and start trickle charging (for example 1/64 C) when the battery
pack is fully charged. This is important since if the charger continues fast charging, the
batteries will heat up, vent and possibly ignite. This is a significant problem with using
batteries for space applications because of the stringent NASA flight safety requirements.
Adding a two fault tolerant circuit will provide added protection to this implementation.

In summary, the two stage constant current source, with a two fault tolerant circuit, was
chosen as the best solution. The main rcason is that, if the circuit fails, the worst that can
happen is slow charging will continue or charging will stop. In addition, the two-stage
constant current source design is more efficient than the simple resistor method and has a
linear charge rate as opposed to a non-lincar charge rate (charges with external voltage).
A two-stage constant current source also has the advantage of lowering the charge rate
down to a lower trickle rate should the battery voltage rise.
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2.7.4 Power Supply Measurements

Below are power supply measurements that were taken over the input voltage range of

18 Volts to 40 Volts for the APW Il in the two configurations described below using the
AT&T modules. Although the power input requirement for the APW I1is28 V4 (24 V
to 32 V) the APW II was tested beyond these limits to demonstrate the allowable range of
input voltage required to support operation on Mir Space Station.

TEST MAXPOWER| STEADY TEST MAX STEADY
VOLTAGE | (WATTS) STATE VOLTAGE POWER STATE
V) MAX V) (WATTS) MAX
(AMP) (AMP)
18 32.8 1.82 18 49.0 2.72
22 32,6 1.48 22 52.8 240
24 32.6 1.36 24 52.8 2.20
26 32.5 1.25 26 48.6 1.87
28 32.8 1.17 28 53.2 1.90
30 33.0 1.10 30 54.0 1.80
32 33.3 1.04 32 54.1 1.69
34 34.0 1.00 34 52.7 1.55
40 34.8 0.87 40 53.2 1.33
APW II Configuration 1: APW IT Configuration 2:
- 32 MB ECC DRAM - 32 MB ECC DRAM
- No Battery, No Display Module - Battery & Display Module Connected
- Hard Drive Operating - Hard Drive Operating
- Fan on Pentium Operating (1.1 W) - Fan on Pentium Operating (1.1 W)
- Running Speed 6.00 - Running Speed 6.00 & Windows

The following additional testing was done on the APW II:
* Startup Current Test
* Isolation Strength Test
» Isolation Resistance and Breakdown Test

Refer to Appendix 6 for complete test description and results.

Page 25




FINAL REPORT- September 25, 1995

2.8 Temperature Sensors

One of the problems faced during the design of the APW II was high internal operating
temperature of the unit. The heat generation is primarily {rom the Pentium, Static RAM
(SRAM) and DRAM SIMMs. Special cooling methods were added to compensate for
the use of these components. One of the methods used was a monitoring mechanism that
reports internal ambient temperature. Two internal temperature sensors, one under the
Pentium and one located on the CPU board to monitor ambient internal temperature.
Based on the readings of these sensors the Pentium can be cycled down to reduce the
amount of heat dissipation.
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3.0 DISPLAY MODULE

The APW II Display Module, Part Number 65430-1, consists of a single assembly which
includes the Sharp flat panel, the Display PWA and the cable harnesses. Both assemblies
are enclosed within the Display Module. The display was designed to support tethering
up to 10 feet away from the WSM.

3.1 APW II Display Specification

The display module includes:
* a Sharp 10.4" 1024 x 768 resolution super VGA flat-panel color display (part
number LQ10DXO01), with 256 color display capability.
* support for power conservation allowing the display to be disabled.
* an anti-reflection coating and hard polycarbonate screen capable of withstanding a
5 pound load applied over onc square inch.
» provisions for bulkhead and wall mounting

* design for use in a micro-gravity environment

3.1.1 Sharp 10.4” LCD Display Characteristics

The Sharp Thin-Film-Transistor (TFT)-based display (part number LQ10DX01) is a
10.4-inch, 256 color LCD that is lighter, thinner, and uses less power than its current TFT
line. The display itself uses approximately 6 watts and is 12 mm thick. Sharp’s
backlight, a hot- cathode tluorescent tube, is packaged with the display and uses
approximately 10 watts. Below is a list of the LQ10DX01 display characteristics:

~ * Diagonal screen size 10.4 inch
» External WxHxD dimensions (mm) 283x215x12.5
* Effective viewing arca (mm) 212.0x 159.0
* No. of pixels 1024 x 768
* Pixel pitch (mm) (.207 (horz) x 0.207 (vert)
* Color filter vertical-RGB stripes
* No. of colors 256
* Contrast Ratio 1:80
* Weight (g) approx. 850

For complete specifications on the Sharp panel refer to Appendix 2. Additional display
information is also provided in the appendix.
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4.0 BATTERY MODULE

The APW II Battery Module, Part Number 65410-1, consists of a single module which
includes a 16 cell battery pack.

4.1 Battery Module Specification

- The battery module includes:
* a capacity to operate the APW II for at least 10 minutes at full-power operation.

e Provisions for slow charging through the WSM DC power connection when the
Battery Module is attached to WSM.

4.1.1 Operation Characteristics

The battery pack is comprised of 16 Sanyo sub-C NiCad batteries. These cells are rated
at 1.2 Volts, 2.3 AHr. Figure 10 is a system diagram of the battery pack. For battery
charging and discharging characteristics refer to section 10.3.

Total of 16 cells (2 x 8)

C:D Thunmlnr
l 14 i1
N IN
— Charge
1
Discharge ,-l
2 £ /\J L]+ - + - - + - + -
3 Thermistor PTC Fuse
RTN R
4 /'\7 - +:}"- +:}— - — +b'- +
5| NC
6l NC Klixon le {>|,’ D} —u

Figure 10 Battery Pack Block Diagram
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There are several safety features built into the battery module incorporated to meet the
requirements for space flight. Below is a list of these features:

» Two resettable fuses

* Diodes between each cell

* One Klixon (a temperature sensitive ressetable fuse)

* One thermistor (temperature feedback mechanism for external fast charge)

« The battery cells are wrapped in a non-woven polypropylene material

* The battery module chassis is painted with a KOH resistant coating
The ressetable fuses will open the charge/discharge or return lines if there is a large
current draw or source current. The main purpose of the fuses is to protect the battery
pack and the internal circuitry of the WSM from possible damage.
The diodes between each cell allow current to flow in only one direction, preventing
reverse polarity charging.
A klixon fuse is part of the battery pack assembly and protects the battery pack from
becoming too hot. The Klixon fuse will trip if the battery pack exceeds 70 °C.
The thermistor was added so that a fast charger could be used to charge the battery pack.
For fast charging the thermistor is one of the feedback mechanisms used for switching
from fast charging to trickle charge.
The battery module chassis is coated with a black hard anodize for additional protection
against KOH electrolyte leaks. For added safety absorbent, non-woven polypropylene
material was wrapped around the batteries to absorb any leaking electrolyte. The material
used was Part Number MAT204, manulactured by NEW PIG Corporation in
Pennsylvania.

4.1.2 Battery Pack Operational Configuration

Table 4-1 shows the various configurations in which the APW II can be configured with
the battery module attached, and the resulting conditions.

Table 4-1 Battery Pack Operational Configuration
SWITCH | EXTERNAL BATTERY PACK | STATE
POSITION | POWER
OFF CONNECTED CONNECTED BATTERY CHARGING
ON CONNECTED CONNECTED CHARGING & UNIT ON
ON DISCONNECTED | CONNECTED UNIT OPERATING OFF BATTERY
OFF DISCONNECTED | CONNECTLED UNIT OFF/ BATTERY DRAWING NO CURRENT
ON CONNECTED DISCONNECTED | UNIT ON/ BATTERY NOT BEING CHARGED
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5.0 KEYBOARD MODULE

5.1 Keyboard Module Specification

The APW II Keyboard Module, Part Number 65420)-1, consists of a keyboard assembly
(printed circuit card and components). The keyboard assembly consists of an
alphanumeric American Standard 82 key ‘QWERTY’ style keyboard with function keys,
screen/cursor control keys and tour keyboard status indicators. The keyboard supports the
IBM-PC AT type 101-key keyboard functions. Figure 11 shows the layout of the
keyboard keys. '
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Figure 11  Keyboard Key Layout

5.2 Operation Characteristics

The keyboard electronics support 82 keys with minimum 3-key rollover and the follow-
ing functions:
* Reset the keyboard micro controller and initialize variables upon power up or
software reset.
 Scan the keyboard for key status changes.
 Transmit any available data or status (if enabled by the system).
* Receive, acknowledge, and exccute commands from the system.

Appendix 4 contains the complete specification for the keyboard electronics.
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6.0 APW II MECHANICAL CONFIGURATION

The APW II is comprised of four main modules, the Wireless Server Module, Display
Module, Battery Module, and the Keyboard Module. The modules include the following
basic mechanical configurations:

(a) All modules securely attach together in a manner to allow operations in a
bulkhead or desktop configuration. See Appendix 1 for the mechanical outline
drawings.

(b) The WSM is capable of operating as a stand alone module, without the keyboard
module or display module connected.

(c) All modules were designed to comply with the storage requirements of the Space
Shuttle and Mir Space Station -

(d) All modules were designed with rounded edges and corners

The most challenging aspect of the mechanical design were meeting size and weight
constraints, while not excecding the 45 °C external touch temperature requirement.
The goal was to design the APW II so that all the modules fit within the Shuttle Middeck

storage locker. The overall size of the APW II is depicted in Appendix 1 and shows the
unit in a storage configuration.

The design goal for one Wireless Server Module (11 1bs), one Display Module (7 lbs),
one Keyboard Module (3 1bs) and one Battery Module (4 1bs) was a total weight of 25
1bs. The actual combined total weight of all four modules was 24.5 Ibs, meeting the
design requirement of 25 pounds or less.

Actual Weight (1bs)

a) Server Module (Part Number 65460)-1) 9.0

b) Display Module (Part Number 65430-1) 8.0

¢) Keyboard Module (Part Number 65410-1) 35

d) Battery Module (Part Number 65420-1) 4.0
24.5 1bs

The WSM was the only module that required active cooling primarily due to the use of
the Pentium and other high heat dissipating components such as the DRAM SIMMS, the
cache and the power supply. The Pentium chip alone produces up to 10 watts of heat.
Another major source of heat was from the power supply. Together, these two
components contributed more than 50% of the heat dissipation. To minimize the heat
dissipation, two fans were used. One fan resided on top of the Pentium chip itself, while
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another fan was used to cool the internal ambient air. This fan was located near the
Pentium with the air flow going across the Pentium and the SIMMS.

The power supply modules were directly mounted to the WSM chassis. This approach
provided sufficient heat sink to disperse the heat generated from the power supplies and
still meet the 45 °C external touch temperature requirement. Additional thermal survey
test results can be found in Section 10 of this report.

6.1 Wireless Server Module Mechanical Configuration

The WSM provides mounting and interface provisions for both the display module and
the keyboard module. The mounting provisions and electrical interface were designed to
be unobtrusive when the display module and the keyboard module are detached from the
WSM. The connectors on the WSM for the Battery Module power input and the Display
Module data input have protective caps when not connected to protect against electrical
hazard. Appendix 1 shows the mechanical outline drawing for the WSM.

6.2 Display Module Mechanical Configuration

The APW II Display Module assembly contains an LCD, and a hot cathode fluorescent
backlight. These items contain organic liquid crystal material, glass and trace quantities
of mercury vapor. The release of any of this material into the spacecraft atmosphere is
considered a serious hazard.

To prevent accidental breakage of the display glass assembly, an optical filter, with a §
pound/square inch load, is used in front of the display glass for protection. To contain
leakage of the display organic material the DM incorporates venting using a carbon plug
to trap hazardous organic materials. In addition, an environmental gasket seal was used
around the perimeter of the DM chassis for added containment.

The DM provides mechanical mounting to the WSM allowing two display angle
positions while in the desktop conliguration and one position in the bulkhead
configuration. Appendix 2 shows the mechanical outline drawing for the DM.

6.3 Battery Module Mechanical Configuration

The BM provides mounting provisions with the WSM that allow both modules to
function as one integral unit. The BM also has provisions for mounting to a bulkhead by
using a ball and clamp swivel system (part number is 64270-1) developed by SAIC for
micro-gravity applications. Appendix 3 shows the mechanical outline drawing for the
BM.
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6.4 Keyboard Module Mechanical Configuration

The KM provides a mechanical mounting bracket to the DM allowing the keyboard to be
mounted in the bulkhead configuration. The KM may also be used in a desktop
configuration. Appendix 4 shows the mechanical outline drawing for the KM.

6.5 Printed Wiring Assemblies (PWA)

6.5.1 CPUPWA Layout
See Appendix 1 for the CPU PWA board layout.

6.5.2 Power Supply PWA Layout
See Appendix 1 for the Power Supply PWA board layout.

6.5.3 Display PWA Layout
See Appendix 2 for the Display board layout.

6.6 Special Safety Design Characteristics

6.6.1 Conformal Coating

As part of meeting the safety requirements for electronic equipment aboard the Shuttle,
CPU PWA, Power Supply PWA, NTSC Video card, SIMMS, hard drive interface board
were conformally coated. The material used for conformal coat was Dow Corning 3140
RTV, applied per the approved NASA procedures for spray application of RTV for
electronic assemblies. See Appendix 11 for additional information on the procedures and
the RTV material.

6.6.2 CPU Backup Battery Circuit Protection

A Lithium battery is considered a hazardous device by NASA. The battery can explode,
releasing toxic materials, unless electrical precautions are designed into the system. A
small lithium battery is used in the real-time clock circuit of the APW II. A two-stage
protection circuit was added or the battery, consisting of a diode and resistor in series,
which limits the current to and from the battery. For complete schematic details refer to
Appendix 1. For the lithium battery data specifications refer to Appendix 11.
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7.0 WIRELESS COMPUTING DEVICES

The crew members will use both the Personal Digital Assistant (PDA) and subnotebook
to view, modify, and store sample flight data files over a wireless network. The ease of
use of the devices in a micro-gravity environment and in the cramped conditions on-
board the Mir Space Station will be evaluated by the crew member(s) using the device(s).
. Both keyboard and pen input devices are to be evaluated. In addition, display readability,
and ease of swapping battery packs on-orbit are juét a few examples of device operational
characteristics that will be evaluated.
Several notebook products were reviewed for the PCT project. Appendix 7 lists some of
the products evaluated. The wireless computing devices were selected based on the
following criteria: '
* Each wireless computing device is Commercial-Off-The-Shelf (COTS) equipment
* Provides a 386 processor or better, 4 MB of RAM, Windows for Work Groups
compatible, pen or keyboard input, and a display
* Duplex wireless link ( >12 feet,) to the WSM (via PCMCIA or other)
* One PCMCIA type II slot
 The capability to act as a limited wireless keyboard (client/server) to the wireless
server module
* Operation at full duty cycle for at least 30 minutes

Based on these criteria, a Hewlett-Packard Omnibook 600C and a Dauphin DTR-2 were
selected. Following is a summary of the hardware specifications for each device.
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7.1 Hewlett-Packard Omnibook 600C Hardware Specifications

| Display

Keyboard

Memory

Mass Storage

Interfaces

Card Slots

AC Adapter

Battery Pack

Temperature

Humidity

Backlit LCD
Color VGA (640 x 480 dots)
Local Video bus, 1 MB display memory

Enhanced PC functionality with compact layout
Embedded numeric keypad

RAM: 4 MB, expandable to 16 MB maximum

Card slots: two PCMCIA slots available (two type 1 or type II cards or
one type III card)
System slot: one ATA-compatible slot

Serial: one 9-pin 115,200-baud RS232 port (with hardware handshaking)
Parallel: one 25-pin bi-directional port

Infrared: one 115,200-baud bi-directional port

VGA output: one 15-pin color-VGA port

Floppy drive: one custom {loppy drive port

Docking port: one custom port for an enhanced port replicator

Card slots: PCMCIA VO cards )

Electrical: PCMCIA version 2.0 (5 V) cards

Mechanical: PCMCIA type 1, 11, I cards

Input: 100 to 240 Vac (50 to 60 Hz)

Output: 12 Vdc, 2.5 A

Polarity: negative (inner contact is negative)
Operating temperature: () to 40°C (32 to 104°F)
Voltage: 9.6 Vdc

Operating: 0 to 40°C (32 to 104°F)
Storage with data retention: () to 55°C (32 to 131°F)

Operating and storage: 90% relative humidity at 40°C (104°F) maximum
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7.1.1 HP Omnibook 600C Conformal Coating

As part of the preparation for acceptance testing the Subnotebook’s went through a
conformal coating process. See Appendix 7 for complete details describing the step-by-
step process for the dis-assembly and re-assembly of the SNB.

7.2 Dauphin DTR-2 Hardware Specifications

Display

Keyboard
Memory

Mass Storage

Interfaces

Card Slots

AC Adapter
Battery Pack

Temperature

Humidity

Liquid-crystal display (LCD), 6” diagonal
Super VGA (640 x 480 dots), 256 colors

AT/PS2 Style mini-DIN
RAM: 4 MB, expandable to 16 MB maximum

Card slots: two PCMCIA slots available (two type 1 or type II cards or
one type III card)
Fixed drive: 120 MB

Serial: one 9-pin 115,200-baud RS232 port (with hardware handshaking)
FDD/Parallel: one 25-pin Centronics: female-type, Multiplexed with
proprietary floppy drive interface

VGA output: one 15-pin female-type SVGA analog

Audio I/O: 2.5 mm stereo phono jack ( 1 (mono) mic, 1 (mono) speaker)

Docking station: configurations supported include: CD ROM, Expanded
multimedia sound system, 10 Base-T Ethernet and
14,400 baud FAX/Data modem

Card slots: Dual PCMCIA V/O cards

Electrical: PCMCIA version 2.0 (5 V) cards
Mechanical: PCMCIA type I, 11, 1II cards

Input: 90 to 230 Vac
Voltage: 7.2 V Nickel Metal Hydride

Operating: 5 to 38°C (41 to 100°F)
Storage: -20 to 6(0°C (-4 to 140°F)

Operating and storage: 80% relative humidity at 38°C (100°F) maximum
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8.0 DEMONSTRATIONS

Demonstrations were conducted during the Acceptance Review, with NASA Ames and
SAIC, to show both the wireless data transfer and file acquisition capability of the APW
IL

8.1 Wireless Data Transmission Demonstration

The setup for this demonstration required two APW II units and a video camera
connected to one of the APW II units. The purpose was to show the transfer of real-time
video data from system A to System B using the RF Proxim wireless link. In addition to
this real-time video images were displayed on System C via the RF wireless link. This
capability shows the potential applications for wireless remote maintenance support and
other mobile computer applications which require real-time video data.

System A System B

NTSCIN

PCTAPW I PCT APW Ii

System C

HP Omnibook

8.2 File Acquisition Demonstration

Using Intel’s Proshare, a video conference software package, and the Proxim Wireless RF
card, capability of transferring data files from System A to System B was demonstrated.
Files were also transferred from System A to System C.
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9.0 APWIISOFTWARE

The APW II software consists primarily of a core Basic Input Output System (BIOS),
video and VGA BIOS, Power Management Code, PCMCIA Card and Socket Services
and a power on self test (BITF). The system software is comprised of MS-DOS 6.22 and
Windows for Work Groups 3.11. In addition, a diagnostic utility is provided to check the
basic functional interfaces of the unit.

Software to support all the functions of the CPU PWA was provided by the manufacturer
or vendor. The software is in the form of standard BIOS calls, or as device drivers to be
executed automatically on power-up from MS-DOS CONFIG.SYS or
AUTOEXEC.BAT, or as support utilities. Section 9.1 provides a brief description of the
major software elements.

9.1 Software Description

Core BIOS - The Core BIOS is based on an available Off-The-Shelf product (Phoenix
BIOS 4.03). The Core BIOS has been customized to meet the various functional
requirements and features of the APW II. In addition, support for Advanced Power
Management and PCMCIA as a boot device, is provided as part of the software package.

POWER MANAGEMENT - Power Management code is a separate code module for the
BIOS core. The Phoenix BIOS 4.03 core is structured to allow modular addition of the
power management code, but the module was modified tor the specific APW II hardware

requirements.

PCMCIA Card and Socket Services - The PCMCIA card and socket services for the CPU
PWA is supported by a loadable “Card Manager” device driver. Standard PCMCIA card

and socket services (Revision 2.1) are supported. Additional support is provided as an
integral part of the core BIOS to support booting from the PCMCIA interface.

Video and VGA BIOS - The CPU PWA Video BIOS includes a configuration program to
allow customization of the Video BIOS and support for the Chips and Technologies
65545 video controller. The video BIOS is configured for the Sharp LCD display, P/N
LQI10DXO0L1.

PCMCIA - PCMCIA drivers are also available from Phoenix Technologies, Ltd., as well
as other BIOS vendors. The Phoenix version is called PC Card Manager PLUS.
Built-In-Test-Facilities (BITF) - The CPU PWA includes Built-In-Test-Facilities (BITF)
in the form of a Power-On-Self-Test (POST) from a standard Off-the-shelf BIOS
(Phoenix BIOS 4.03).
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The BITF checks the following during power up:
« Checks the operation and configuration of the hard disk.
« Checks all peripherals and busses, monitoring system status, error checking,
processor checking and DRAM checking.
* Verifies the operation of the communications between the processor and keyboard.
» Verifies the integrity of built-in software (e.g. BIOS).
o Illuminates display/backlight, visual indicators and sounds the external speaker.

* Verifies the operation of the calendar/clock including programmable interrupts.

9.2 Boot Sequence

The Boot Sequence priority is software selectable from a table in the BIOS. The APW II
is able to boot from the IDE, floppy or the PCMCIA slot. The order is configurable such
that any boot sequence combination is possible.

9.3 Diagnostic Utility

The diagnostic utility developed for the APW Il is based on an Off The Shelf (OTS)
utility called Checkit, provided by Touchstone Software. Because the Checkit software is
only capable of checking the basic system functions (memory, video, floppy, etc.), a
custom diagnostic utility was developed to provide a functional check for the NTSC
video port, the Ethernet interface, the SCST Il interface, the PCMCIA interface, the
mouse port and the battery.

Diagnostics for the NTSC video, Ethernet, SCSIII, and PCMCIA interfaces consist of
internal diagnostics of the controllers. The mouse diagnostic verifies communications
with the mouse and checks the operation of the buttons. The battery diagnostic verifies
the operation of the circuits and reports the battery voltage.

The custom portion of the diagnostic utility is designed to provide a user interface similar
to the Checkit environment. The custom utility provides a menu option to execute
Checkit.
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10.0 TEST RESULTS

The following tests were conducted on the APW 1L
* Thermal Survey
* Radiated Emissions (RE(2) Characterization
* Battery Pack Discharge
 Environmental Stress Screening
« Software Validation
* Acceptance Testing

10.1 APW II Thermal Survey Test

The purpose of the survey was to verify that the thermal design of the APW II would
maintain the chassis touch temperature below the required limit of 45 °C, and maintain
component temperatures below their maximum rated level.

10.1.1 Thermal Design

The thermal design of the APW II unit is based on forced air cooling , natural convection,
and radiation to the surrounding ambient. There are two small cooling fans within the
WSM portion of the unit. One fan is mounted on top of the Pentium chip to maintain its
temperature, and another fan draws ambient air through the chassis, exhausting it out the
side of the unit. The power supply is the only module mounted in thermal contact to the
chassis for heat sinking purposes. Duc to the low power within both the keyboard and
display, their electronics are designed to dissipate their generated heat via natural
convection and radiation.

10.1.2 Thermal Survey Test

The thermal survey was performed at room temperature on a laboratory bench. All
testing was performed on June 1, 1995. The unit was operated with the display in both
the “desk top” (display up) and bulk head (display down on server) configurations. The
unit was also operated within an opened box to see what effect reducing heat transfer via
natural convection and radiation had on component temperatures. The unit was operating
under windows throughout testing.

Thermal Couples were placed as indicated in Table 11-1, Thermal Survey Test Data.
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10.1.3 Thermal Survey Test Results

The results listed are all values achieved under thermal equilibrium conditions.

Test #1 Unit in box, Display down against Server

Test #2 Unit out of box, Display down against Server

Test #3 Unit out of box , but with Display up in “desk top” configuration

Test #4 Same as #3 but with cooling air vents plugged. Test stopped after only 20

minutes due to high Pentium temperature

Table 10-1  Thermal Survey Test Data

TC# | Thermal Couple Test #1 Test #2 Test #3 Test #4

Location

1 Ambient Air 22 22 21 22

2 Pentium Chip 48 47 47 61

3 N/C - - - -

4 Power Supply 41 41 39 43

5 Exhaust Air 37 36 38 -

6 WSM Chassis 40 41 38 43
Under P/S

7 WSM Chassis 34 33 33 37
Bottom Opp P/S

8 WSM Chassis Top | 34 36 33 37

9 DM Chassis, Center - - 27 -

The above results show that having the APW Il unit in a box with no top had little effect
on the value of the thermal equalized temperatures (difference between test #1 and Test
#2). Plugging the cooling air vents had a big effect on the temperatures after just 20 min.
This is especially the case with the Pentium chip. This test showed that a large portion of
the generated heat is dissipated via forced air cooling. This is substantiated by the rather
large increase in air temperature from exhaust to external ambient. Rotating the DM up
to a “desk top” configuration (test #3) did reduce temperatures slightly but not
significantly.

The maximum chassis temperature is under the power supply, where the power modules
are bolted to it. It would require an ambient temperature of 25 °C in order for this portion
of the WSM chassis to achieve a temperature of 45 °C in the bulkhead configuration. In
the bulkhead configuration though, the bottom of the chassis is not that accessible to
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touch. When the DM is raised (as in test #3) the chassis temperature under the power
supply drops by 3 °C.

10.1.5 Thermal Survey Conclusion

The results of the thermal survey show that the thermal design of the APW II maintains
component temperatures within their rated limits. The Pentium chip, which is the hottest
component, is 22 °C below its rated case temperature of 70 °C. Test results also show
that the chassis will not reach the touch temperature limit of 45 °C in an accessible area
until an ambient of 28 °C is maintained. Test results also reveal that a large portion of
the generated heat is dissipated through the fans via forced convection. This shows that
when operating in a micro-gravity environment, where the cooling effects of natural
convection are minimized, the forced air cooling design of the APW II system will
maintain proper component and chassis temperatures. Appendix 5 contains the raw
temperature readings for each of the thermocouple locations.

10.2 EMI Test

An EMI test (REO2 only) was conducted on the APW 1II to establish a baseline EMI
characterization of the APW Il equipment. Refer to Appendix 5 for complete APW 11
EMI test data and results.

10.3 Battery Pack Discharging Test
Equipment Used for Testing:

1 APWII WSM

1 APW Il BM

1 APW II DM

1 FLUKE 87 Multi-Meter

1 VIEW Sonic 6 VGA Monitor
1 6274B DC Power Supply

The APW II battery pack (see section 4.0 for battery pack diagram) was fast charged for
approximately 1 hour and ten minutes with a constant current source set at 2.3 Amps (1 C)
at 27 volts, using the DC power supply. At full charge the battery pack was measured,
using the FLUKE multi-meter, to be 22.4 volts.

The battery pack was then connected to the APW II system to determine the length of
time that it could power the system. The APW II test configuration is shown as follows:

1) No PCMCIA cards instatled

2) No floppy disk installed

3) 32 MBytes of EDAC DRAM installed
4) Run video output in simultancous mode
5) Distec cartridge installed
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Power Management of the system was enabled under the custom Power Management
Setup option - Power Saver.

Under battery power the unit was turncd on and booted into Windows. The unit operated
for approximately 50 minutes. The following measurements and observations were made
during the test.

Voltage At Battery Pack(VOLTS) Time Elapsed(Minutes)

19.40 volts ()2 minutes
19.27 volts 16 minutes
19.22 volts 18 minutes
19.04 volts 25 minutes
18.89 volts 30 minutes
18.80 volts 32.5 minutes
18.64 volts 36 minutes
18.50 volts 38 minutes
18.38 volts ' 40 minutes
18.03 volts 44 minutes
17.70 volts 46 minutes
17.25 volts 48 minutes*

* At 49 minutes the voltage dropped oft and the system shut down.

Based on the results of these tests a fully charged APW II battery pack will operate the
APW I system for approximately 45 minutes with power management disabled. It
should be noted that the display was on during entire test to allow monitoring of test.
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10.4 Environmental Stress Screening (ESS) Results

The APW 11 CPU PWA boards were environmentally stressed from 0 °C to 70 °C to
screen for infant mortality. Each temperature cycle involved 3 hours hot and 2 hours cold
(which results in a cold soak at 0 °C for approximately one hour and a hot soak at 70 °C
for approximately two hours). This cycle was continued for a period of 12 hours. Each
board was maintained in an operational state and monitored during the ESS process. The
results of the testing showed that the boards satisfactorily passed the ESS test with no
failed components detected. Refer to Appendix 9 for ESS results.

10.5 Software Validation Test Results

The software validation was run on various software products to benchmark the APW II.
The results showed that the APW II is compatible with most of the major operating
systems and network application software. Appendix 10 contains the Software
Validation test results.

10.6 Acceptance Testing

The acceptance testing procedure (ATP) was developed to test the primary functions of the
APW II. These tests typically involve using a COTS software diagnostic tool. However,
the APW II design has several interfaces which can not be tested using the standard
diagnostic software tool. SAIC developed additional diagnostic software tools to test these
additional interfaces. The software was integrated into the existing COTS software
package. Section 9.3 contains additional information on the diagnostic utility. Appendix 8
contains a copy of the ATP used 1o verity functional operation of the APW I1.
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11.0 SAFETY DATA INFORMATION

Equipment that is used for space experiments, must as a minimum conform to certain
safety requirements and guidelines. This is to ensure the equipment does not pose a
threat to the crew or the vehicle. Typically, the equipment must be non-flammable and
must not release toxic or hazardous materials.

In an effort to conform to the safety guidelines for flight equipment, NASA has
conducted flight certification testing and a safety analysis on the APW II unit. In support
of this effort, the necessary information on critical components used in the APW 11 design
have been provided. The data sheets for the these components and other critical material
is provided in Appendix 11.
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APPENDIX 1

WIRELESS SERVER MODULE DATA SHEETS
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System Interconnect Drawing
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NTSC Video Schematic



1 | c 8 ) 8
140 1 a4 66l ‘s @as |
_ _ 0 ax\_u
Qu¥08 33014yl 030In
INdNI 3JSIN G20%143
wi® T90TONH) AL _
QATIISHAALG J.
b2 13060
22 "
e — — Bl
‘ (T i 52 zan
By g ARy Tsan
SIN01 -
i -
4
m_,B ONSd
aNad
Bem_\ .._&M\ e
a7 ﬂﬁ Illw.. .
restii
C e — Qus+
= ~ T : - h_mmmb« T
= , T
E..BE C ’"© u:%.m\ u:m.m! "
—m_ 2 “—l P4 l.——ﬂ
—_— m.% ONBd _ R '
(£1 015800 g
T v slvjslz
1__1 AWy EGOANG
ir
T c 8




OPTi Desktop Chipset Data Sheet



e ft:l rhl PH

et eh
o

ict

82C556/82C557/82C558

Viper-DP Desktop Chipset

1.0 Features
+ 100% PC/AT® compatible

 Fully supports Intel's 3.3V Pentium™ Processor and dual
processor configuration at 50, 60, and 66.667MHz

* Supports P55C™ K5™, and M1™ processors
+ Supports the Cyrix® M1 Processor linear burst mode

» Three chip solution:
- B2C556 DBC (160-pin PQFP)
- 82C557 SYSC (208-pin PQFP or TQFP)
- B2C558 IPC (208-pin PQFP or TQFP)

* Includes a fully integrated 82C206 with external real-time
clock (RTC) interface

* Supports CPU address pipelining

» Interfaces the CPU and standard buses to both Peripheral

Component interconnect (PC!) and VESA local bus oper-
ating in synchronous/asynchronous modes, with VESA
bus always operating at PCl| bus operating frequency

+ Supports three PCl masters, one VESA slave, and six ISA

Supports PC! pre-snoop for PCl masters

PCI byte/word merge support for CPU accesses to PCl
bus, and support for PCI pre-fetch

Burst mode PCl accesses to local memory supported

Wirite-back/write-through, direct-mapped cache with size
seleclions: 64KB, 128KB, 256KB, 1MB and 2MB

Support for synchronous and asynchronous SRAMs, pipe-
lined synchronous SRAMs, and intel Standard BSRAMs

Support for the Sony SONIC-2WP ™ Cache Module

Programmable cache write policy:

- Write-back

- Write-through

- Adaptive write-back

Built-in tag auto-invalidation circuitry

Fully programmable 3-2-2-2 cache burst read/write cycles.
2-1-1-1 burst read/write support at 50MHz

Support for two programmable non-cacheable memory

slots a regions
Figure 1-1  System Block Diagram
CPU Address cPu CPU Data , 64
/ 4
> Cache
Memory Data
OPTI MA[11:0 and Parity 72 OPTI
[11:0] Z
82C557 4 DRAM 9 > 82C556
SYSC DBC
SA[8:0] 32
1 LA[23:9] VL Slave 7‘—¢
PCI AD[31:0] °
PCI
Bus
L XD[7:0] &
ROM /7
8 <] 16 OPTi
KBC —074— B2C558
[> IPC SA[8.0}
RTC
SD}15:0] :33:;
LA[23:9)
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82C556/82C557/82C558

F

eatures (cont)

Options for cacheable, write protected, system and video
BIOS

Supports six banks of 64-bit wide DRAMs with 256KB,
512KB, 1MB, 2MB, 4MB, 8MB and 16MB addressing page
mode DRAMs

Supports DRAM configurations up to 512MB

Supports 3-3-3-3 pipelined DRAM burst cycles
Programmable drive currents for the DRAM control signals
64-bit DRAM post write buffer

Hidden refresh with CAS-before-RAS refresh supported
Self-refresh supported during Suspend mode

Support for flash ROM

Shadow RAM option

Transparent 8042 emulation for fast CPU reset and Gate
A20 generation

Supports Port 92h, fast Gate A20 and fast reset

* “True” GREEN power management support, with support
for STPQLK# modulation and the CPU stop ciock state
2.0 Overview

The OPTi Viper-DP (82C556/557/558) Desktop Chipset pro-
vides a highly integrated solution for fully compatible, high

-performance PC/AT platforms based on Intel's 3.3V Pentium

Processor, Cryix's M1 Processor, and AMD's K5 Processor.
The chipset provides 64-bit core logic, integrated PCi and
VESA support, and sophisticated power management fea-
tures. This highly integrated approach supplies the founda-
tion for a cost effective platform without compromising
performance. Its feature set furnishes an array of control and
status monitoring options that are accessed through a simple
and straightforward interface. All major BIOS vendors provide
extensive software hooks that allow system designers to inte-
grate their own special features with minima! effort.

The Viper-DP Desktop Chipset is comprised of three chips:
82C556 Data Buffer Controller (DBC), the 82C557 System
Controller (SYSC), and the 82C558 Integrated Peripherals
Controller (IPC).

Figure 2-1  Viper-DP Desktop Chipset System Block Diagram
° CPU Address CPU CPU Data .
32 s
4 Latch /
q 64
[> Cache
OPTi Memory Address, Mem’g)ry. Data ; OPTi
82C557 MAIT1D] N and a”'f.74_2 82C556
SYSC 7 DBC
32 MD[63:32]L
ﬁ LA[23:9] VL Slave SA[8:0)
PCI Address/Data Bus, AD[31:0] pCl
SA[8:0] i Bus
L MDI63:32] ) 32
ROM Buffer
<] OPTi
KBC # 82C558
= IPC L SA[8:0]
XD Sb
RTC - AT Data Bus, SD[15:0] ISA
Bus
LA[23:9]

Power Latch

—— PPWR[7:0]

Page 2
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82C556/82C557/82C558

21 82C556 (DBC) Data Buffer Controller
The 82C556 DBC performs the task of buffering the CPU to
the DRAM memory data path. It also performs parity check-
ing.

+ CPU to memory data buffer

* CPU to local bus buffer

* Memory to local bus buffer

* 160-pin PQFP

Figure 2-2 shows a block diagram of the 82C556 DBC.

2.2 82C557 (SYSC) System Controller

The B2C557 SYSC provides the control functions for the host
CPU interface, the 64-bit Level-2 (L2) cache, the 64-bit
DRAM bus, the VL bus interface, and the PCl interface. (The

SYSC aiso controls the data flow between the CPU bus, the .

DRAM bus, the local buses, and the 8/16-bit [SA bus.) The
SYSC interprets and translates cycles from the CPU, PCl bus
master, ISA master, and DMA to the host memory, local bus
slave, PCI bus slave, or ISA bus devices.

+ 3.3V CPU interface

"« DRAM controller

* L2 cache controlier
* L1 cache controller
* PClinterface

* Arbitration logic

* Data bus buffer control (memory data bus to and from host
data bus)

* VL bus interface

* 208-pin PQFP or TQFP

Figure 2-3 shows a block diagram of the 82C557 SYSC.
2.3  82C558 (IPC) Integrated Peripherals
Controller

The 82C558 IPC contains the AT bus controller and includes
an 82C206, RTC inlerface. DMA controller, and a sophisti-
cated system power management unit.

* AT bus controller

* Integrated 82C206 IPC

*+ System power management functions

» PCllocal bus interface

+ PCl to ISA expansion bridge

+ Keyboard emulation of A20M# and CPU warm resel
* Port B and Port 92h Register

* Local bus interface

* Local I/O APIC

» 208-pin PQFF or TQFP

Figure 2-4 shows a block diagram of the 82C558 I1PC.

Figure 2-2  82C556 DBC Block Diagram
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| I
e 4

]
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82C556/82C557/82C558

Figure 2.3  82C557 SYSC Block Diagram
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- \S‘ Figure 24  82C558 IPC Block Diagram
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OPTi, Inc.

2525 Walsh Avenue
Santa Clara, CA 95051
(408) 980-8178

Fax: (408) 980-8860

Applications Note

82C621A Evaluation Board
700-0012-001 Revision A.4

Product Name:
Product Revision:

Date: August 11, 1994

Overview

The OPTi 82C621A Evaluation Board is a high-performance
32-bit PCI bus IDE adapter based on the OPTi 82C621A PCI
bus IDE Controller (PIC) that offers exceptional perfor-
mance, low part count and excellent compatibility features.
The OPTi 82C621A PIC interfaces between the PCI bus and
the industry-standard IDE bus (also known as the ATA or
AT Attachment bus).

The 82C621A PIC implements single PCI functions to
directly support both a Primary and Secondary IDE in a sin-

Write posting and read-prefetch allows CPU memory cycles
to run concurrently with IDE cycles and also removes the
synchronization penalty for AT bus transfers. IDE cycles can
be fine tuned by the ANSI Mode strap options or program-
mable registers for ANSI-standard devices (mode 0, 1, 2, or
3)or non-standard devices. 32-bit PCI cycles are translated to
two 16-bit IDE cycles for faster data access.

Although the board will work as a standard IDE interface,
for top performance the OPTi supplied Setup program and
device drivers should be used in DOS and Windows 3.1-

gle 100-pin PQFP. This high-integration approach reduces based systems.

! component count, eases board design, reduces cost, and

increases reliability. An integrated four-level read-prefetch

» FIFO and four-level posted-write FIFO supports zero-wait-

}k’ state operations, substantially improving performance over
other IDE implementations.

The complete design is available as a Tumn-key Manufactur-
ing Package (TMP) from OPTi. which includes complete
schematics, Bill of Material (BOM), original CAD artwork
(PADS PCB .JOB file). Gerber photoplotter files and design

manual.
-

Figure 1. Evaluation Board Block Diagram
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PCI-to-PCMCIA Adapter (CL-PD6729)
Data Sheet



CIRRUS LOGIC®

D ———

FEATURES

B B Single-chip PCMCIA host adapter

B Direct connection to PCI bus

B Direct connection of two PCMCIA sockets
B Compliant with PCI 2.0

B Compliant with PCMCIA 2.1 and JEIDA 4.1
]

82385SL-compatible register set,
ExCA™-compatible

Automatic Low-power Dynamic mode for lowest
power consumption

Programmable Suspend mode

Five programmable memory windows per socket
Two programmable VO windows per socket
Programmable card access cycle timing

8- or 16-bit PCMCIA card support

ATA disk interface support

Automatic flash memory timing support

3.3V, 5V, or mixed 3.3/5V operation

Supports PCMCIA low-voltage card speciﬂcatior_\
Multiple CL-PD6729s can be used on the PCl bus

CL-PD6729

Advance Data Sheet

PCi-to-PCMCIA Host Adapter

OVERVIEW

The CL-PD6729 is a single-chip PCMCIA host
adapter solution capable of controlling two fully inde-
pendent PCMCIA sockets. The chip is fully PCMCIA-
2.1 and JEIDA-4.1 compliant and is optimized for use
in notebook and handheld computers where reduced
form factor and low power consumption are critical
design objectives. With the CL-PD6729, a complete
dual-socket PCMCIA solution with power-control
logic can occupy less than 2 square inches (excluding
connectors).

The CL-PD6729 chip employs energy-efficient,
mixed-voltage technology that can reduce system
power consumption by over 50 percent. The chip also
provides a Suspend mode, which stops the internal
clock, and an automatic Low-power Dynamic mode,
which stops transactions on the PCMCIA bus, stops

2 without external hardware internal clock distribution, and turns off much of the
s B 208-pin PQFP internal circuitry. (cont.)
N
Eiif
H System
fi ’ ) Block Diagram
: " PCMCIA SOCKET 1
: \ |
:  pol ] cL-PD6729 ; B
BUS - 208-Pin POFP PCMCIA SOCKET 2
e A J
o \
SE——— IR
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Am79C974

ROW ELECTRONICS, INC.
:ﬁﬂ(s\)/\l, SCHWEBER ELECTRONICS GROUP
1115 HENDERSON ROAD
HUNTSVILLE, AL 35816-3525
204837 /6955 1/800/325/2906

PCnet™-SCSI Combination Ethernet and SCSI Controller x sosnasorz6
for PCl Systems

DISTINCTIVE CHARACTERISTICS

PCI Features

B Direct giueless Interface to 33 MHz, 32-bit PCI
tocal bus

B 132 Mbyte/s burst DMA transfer rate

B Compliant to PCI local bus Specification
Revlision 2.0

Ethernet Features

® Supports ISO 8802-3 (IEEE/ANSI 802.3) and
Ethernet Standards

B High-performance Bus Masier architecture with
Integrated DMA Buffer Management Unlt for
low CPU and bus utillzation

W Individual 136-byte transmit and 128-byte
recelve FIFOs provide frame butfering for
Increased system latency

W Microwire™ EEPROM interiace supports
jumperiess design

B Integrated Manchester Encoder/Decoder

B Provides integrated Attachment Unlt interface
(AUl) and 10BASE-T transcelver with automatic
port selection .

B Automatic Twisted-Pair recelve polarity detec-
tion and automatic correction of the receive
polarity

| Dynamic transmit FCS generation programma-
ble on a frame-by-frame basis

B Internal/external loopback capablities

B Supports the following types of network
Interfaces:

— AUl to external 10BASE2, 10BASES,
10BASE-T or 10BASE-F MAU

— Internal 10BASE-T transceiver with Smart
Squeich to Twisted-Pair medium

SCSI Features

B Compliant to ANSI standards X3.131 - 1986
(SCSH-1) and X3.131 — 199X (SCSI-2)

B Fast 8-bit SCSI-2 10 Mbyte/s synchronous or
7 Mbyte/s asynchronous data transfer rate

H SCSli specific Bus Mastering DMA engine
(32-blt address/data)

B 96-byte DMA FIFO for low bus latency

B On-chip state machine to control the SCSI
sequences In hardware

B Integrated Industry standard Fast SCSI-2 core

B Single-Ended 48 mA outputs to drive the SCSI
bus directly

B Support for Scatter-Gather DMA data transfers

B Hooks In silicon and software to enable disk
drive spin down for power savings

General Features

B Soitware compatible with AMD's Am79C960
PCnel-ISA, Am79C961 PCnet-ISA+, Am79C965
PCnet-32, Am79C970 PCnet-PClI register and
descriptor architecture

B Plug-in and software compatible with AMD's
PCscsi family of SCSI controllers for PCI

B NAND Tree test mode for connectivity testing
on printed circuit boards
W Single +5 V power supply operation

B Low-power, CMOS design with sleep modes for
both Ethernet and SCSi controliers allows re-
duced power consumption for critical battery
powered applications and ‘Green PCs’

8 Fully static design for low frequency and
power operation

B 132-pin PQFP-package

GENERAL DESCRIPTION

The PCnel-SCSI combination Ethernet and 8-bit Fast
SCSl controller with a 32-bit PCl bus interface is a highly
integrated Ethernet-Fast SCS! system solution de-
signedto address high-performance system application
requirements. This single-chip is a flexible bus-master-
ing device thatcan be used in many applications, includ-

ing network- and SCSl-ready PCs, printers, fax
modems, and bridge/router designs. The bus-masler
architecture provides high data throughput in the sys-
tem and low CPU and system bus ulilization. The
PCnet-SCSI controller is fabricated with AMD's ad-
vanced low-power CMOS process to provide low oper-

This docurment contains information on & product under development A Advanced Micro Dovices, Inc. The nformation is intandad

Pubiication# 18681  Rev. A Amendment 0

10 help you 1o evaluate this product. AMO reserves tha right 1o change or discontinue work on this PrOPOSed PIoduct wihout natwa lssue Date: January 1994
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ating and standby current for sensitive

applications.

The PCnet-SCSl is part of AMD's PC1 product family of
plug-in and software compatible SCSI and Ethernet
controllers. This product compatibility ensures a fow
cost system upgrade path and lower motherboard
manufacturing costs.

power

Ethernet Specific

The PCnet-SCSI controller includes a complete Ether-
net node integrated into a single VLSI device. it contains
a bus interface unit, a DMA bufler management unit, an
IEEE 802.3-defined Media Access Control (MAC) func-
tion, Individual 136-byte transmit and 128-byte receive
FIFOs, an IEEE 802.3-defined Attachment Unit Inter-
tace (AUIl) and Twisted-Pair Transceiver Media Attach-
ment Unit (10BASE-T MAU), and a Microwire EEPROM
intedace. The PCnet-SCSI controller is also register
compatible with the LANCE (Am7990) Ethernet control-
ler, the C-LANCE (Am79C90) Ethemet controlier, the
ILACC (Am79C900) Ethernet controller, and all Ether-
net controllers inthe PCnet Family, including the PCnet-
ISA controller (Am79C360), the PCnet-ISA+ controller
- (Am79C961), and the PCnet-32 controller
(AmM79C965). The butfer management unit supportsthe
LANCE, ILACC, and PCnel descriptor software models.
The PCnet-SCS! controller is sottware compatible with
the Novell NE2100 and NE1500 Ethernet adapter card
architectures. In addition, a Sleep function has been in-
corporated to provide low standby current, excellent for
notebooks and Green PCs.

The 32-bit multiplexed bus interface unit provides a di-
rectinterlace to the PCl local bus applications, simplify-
ing the design of an Ethernet node in-a PC system. With
its built-In support for both litile and big endian byte
alignment, this controller also addresses proprietary
non-PC applications.

The PCnet-SCS! controller supports auto conliguration
in the PCI configuration space. Additional PCnel-SCSt
controller configuration parameters, including the
unique IEEE physical address, can be read from an ex-
ternal non-volalile memory (serial EEPROM) immedi-
ately following system RESET.

The controller also has the capability to automatically
select either the AUI port or the Twisted-Pair trans-
ceiver. Only one interface is active at any one time. The

individual transmit and receive FIFOs optimize system
overhead, providing sufficient latency during frame
transmission and reception, and minimizing intervention
during normal network error recovery. The integrated
Manchester encoder/decoder (MENDEC) eliminates
the need for an external Serial Interface Adapter (SIA) in
the system. In addition, the device provides program-
mable on-chip LED drivers for transmit, receive, colli-
sion, receive polarily, link integrity or jabber status.

SCSI Specific

The PCnet-SCSI controller also includes a high-
performance Fast SCSI controller with a glueless inter-
face to the PCl local bus. The PCnet-SCSI integrates its
own 32-bit bus mastering DMA engine with an industry
standard Fast SCSI-2 block. The DMA engine and ac-
companying 96 byte DMA FIFQ allow 32-bit burst data
transfers across the high bandwidth PCl bus al speeds
of up 10,132 Mbytess. Full support for scatter-gather
DMA transfers optimize performance in multi-tasking
system applications.

The PCnetl-SCSI's on-chip state machine controls SCSI
bus sequences in hardware and is coupled with the bus
mastering DMA engine to eliminate the need for an on-
chip RISC processor. This results in a smaller die size
giving the Am79C974 superior price/performance ver-
sus competitive offerings

AMD supports the Am79C974 with a total system solu-
tion which includes:

B/ A full suite of licensable SCSt drivers and ulilities
fully 1ested under the following operating system
environmenis:

— DOS50-60

— Windows 3.1

— Windows NT

— 0S/22.x

— Netware 3.x, 4 x

— SCOUNIX324,0DT20

8 AnINT13h Compatible SCSI ROM BIOS

8 ASP! Compatibility

8 Complete hardware reference design kit

For more detailed information on the PCnet-SCSI refer
to the technical manual, PID #18738A.

2 Am79C974

HIG:
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Philips Semiconductors Video Products

Preliminary specification
Digital multistandard colour decoder,

square pixel (DMSD-SQP) SAA7191B

|

1. FEATURES

 Separate 8-bit luminance (Y or
CVBS) and 8-bit chrominance
inputs (CVBS or C) from CVBS, Y/C,
S-Video
(S8-VHS or Hi8) sources

o Luminance and ¢chrominance signal
processing for standards PAL-B/G,
NTSC-M, SECAM

e Horizontal and vertical sync
detection for all standards

 Real-time control output RTCO 1o
be used for frequency-locked
digital video encoder (SAA71 998).
RTCO contains serialized
information about actual clock
frequency, subcarrier frequency
and PAL/SECAM sequence.

e Controls via the [2C-bus

¢ User programmable aperture
correction (horizontal peaking)

3. QUICK REFERENCE DATA

» Compatible with memory-based
features (line-focked clock)

o Cross-colour reduction by
chrominance comb-filtering

{NTSC) or by special cross colour

cancellation (SECAM)

e 8-bit quanlization of input signals

* 768/640 aclive samples per line
equals 50/60 Hz (SQP)

e The YUV bus supports data rates of
780 x fiy equal to 12.2727 MHz for
60 Hz (NTSC-M) and
944 x 1y equal 1o 14.75 MHz for
50 Hz (PAL-B/G, SECAM) in
4:1:1 or 4:2:2formats (via
the 12C-bus)

e One crystal oscillator of 26.8 MHz

SYMBOLJ

PARAMETER

MIN. | TYP. | MAX.

positive supply vollage
(pins 5, 18, 28, 37 and 52)

Voo

15 s fs.s

< !

ipp total supply current
(pins 5, 18, 28, 37 and 52)

f100 |2s50

! [

T
ViL | Input levels

TTL-compatible

VoL | oulput levels

TTL-compatible

i operating ambient lemperalure

NI

4. ORDERING INFORMATION

EXTENDED
TYPE NUMBER

PIN POSITION

PACKAGE

MATERIAL CODE

SAA7191B PLCC

plastic SOT188

April 1993

2. GENERAL DESCRIPTION

The SAA7191B is a digital
mutltistandard colour decoder suitable
for 8-bit CVBS input signals or for 8-
bit luminance and 8-bit chrominance
input signals (Y/C).

The SAA7191B is down-compatible
with SAA7191. The SAA7191B has
additional outputs RTCO, GPSW0
and ODD. These new outputs are in
high-impedance state when
NFEN-bit = 0.
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Philips Semiconductors Video Products

- Product specification

Digital colour space converter

FEATURES

¢ input formatter with:
multiplexer
Y-dalay line

Cr and Cb interpolating
filters

¢ Conversion matrix (acc. to CCIR
601)

¢ Video Iook~Up tables (provide
gamma correction)

* Pipeline delay line (horizontal
reference signal)

* 1’C-bus interface

GENERAL DESCRIPTION

The Digital Colour Space Converter
(DCSC) is a digital matrix which is
used 1o transform 16/24-bit digital
input signals, i.e. Y (fuminance). Cr
(colour, R-Y) and Cb (colour, B-Y),
into an RGB 24-bit format in
accordance with the CCIR-601
recommendations.

Accepting inputs from the different
formats of the DMSD2 decoder
family. the device has a constant
propagation delay and a maximum
data rate of 16 MHz. A matched
pipeline delay line is available to
permit the HREF signal to be
synchronized with the video data at
the output.

June 1991

QUICK REFERENCE DATA

SAA7192A

e e e e

SYMBOL PARAMETER MIN MAX UNIT
Voo Supply voltage -0.5 \
vi input voltage -0.5 v
vO output voltage -0.5 v
Pt total power dissipation - 1.5 w
Tag storage temperature range -65 +150 C
Tamb operaling ambient temperature 0 +70 C
ORDERING INFORMATION
EXTENDED PACKAGE
TYPE NUMBER [ piNs | pin POSITION MATERIAL CODE
SOT18-8AA,
SAA7192 68 PLCC plastic
AGA, CGS

Philips Semico

Digital cc

BLOCK DIAC

U




Product specification

Philips Semiconductors

SAA7192A

Digital colour space converter

BLOCK DIAGRAM

FORMATTER
5 v VIDEO
OATAINY DELAY LOOK-UP DATAOUT1
TABLES
-
: P VIDEO
3 K DATAIN2 MULTIPLEXER [———— MATRIX LOOK-UP DATADUT2
! b, TABLES
3 Cr ond Cb
i ! FILTER
| i VIDEQ
- DATAIN3 P—- LOOK—-UP DATAOUT3
18
' horizontal 65 | 58 horizontal
reference — = e - 7«[ PIPELINE DELAY LUINE I refarence
input output
g Test 50 SAA7192A [ 12C-BUS RECEMER ]
R | 59 |63 | 26 | 654 [ 28 27 | 28 [e:® &
—_ I I I MCB572-1
CLK_mode clock reset clock yerigl  12C-bus  seriol ViUt output
reference  clock oddress data bypass enabie

Fig. 1 Block diagram.

June 1991
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Phitips Semiconductors Video Products Preliminary specificati

Clock signal generator circuit ‘
for Desktop Video systems (SCGC) SAA7197

g FEATURES QUICK REFERENCE DATA
« Suitable for Desktop Video systems
« Two different sync sources SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
selectable - -
o PLL fraquency multiphier to Vppa analog supply voltage (pin 5) 4.5 50 . |55 "
generate 4 times of input frequency Vv digital supply vol ;
y voltage (pins 8, 17) 4.5 5.0 55 v
3 o Dividers to generate clocks LLCA, obo 9
1 LLCB, LLC2A and LLC2B (2nd and looA analog supply current 5 - |9 mA
] 4th muttiples of input frequency) e -
» PLL mode or VCO mode selectable lopo igital supply current 10 . 60 mA
o Raset control and power fail Virco | LFCO input voltage
detection (peak-to-peak value) 1 - Vppa |V
f; input frequency range 6.0 - 7.2 MHz
V) input voltage LOW s 0 - 08 \
input voltage HIGH 24 - Vooo |V
Vo output voltage LOW ] - 0.6 v
output voltage HIGH 2.6 - Vooo |V
Tamb operating ambient temperature
; range 0 - 70 °C
' GENERAL DESCRIPTION ORDERING INFORMATION
The SAA7197 generates all clock
ignals ired for a digital TV
signals require ig EXTENDED PACKAGE

system suitable for the SAA715x

family. The circuit operates in either TYPE NUMBER [p)ng | PIN POSITION MATERIAL | CODE

K the phase-locked loop mode (PLL) or -
; voltage controlled oscillator mode SAA7197 20 oIL plastic SOT146
(VCO). : SAA7197T 20 | mini-pack (SO20) plastic SOT163A

May 1992




Philips Semiconductors Video Products

Preliminary specificalon

Clock signal generator circuit

for Destop Video systems

(SCGC)

SAA7197.

Vooa Yoo Vones
! l

I's 6 KB

FILTER

[

LOOP

g
h 4

———

DIVIDER
12

PHASE
DETECTOR

FREQUENCY

FREQUENCY *
DIVIDER
12 Y

T

PRE-FILTER
AN

D
PULSE
SHAPEN

LFCO2

CE

OFLAY

POWE RON
RESE !

N

.

]6.9.13,18

SAA7197

[ LLCA

—» LLCB

> LLC2A

—»LLC28

—& CREF

LFCOSEL

]
g

PORD

T
s

Fig.1 Block dinaram

MEH4EY

FUNCTION DESCRIPTION

The SAA7197 generates all clock
signals required for a digital TV
system suitable for the SAA719x
family consisting of an 8-bit
analog-to-digital converter (ADC8),
digital video multistandard decoder,
square pixel (DMSD-SQP), digital
video colour space converter (DCSC)
and optional extentions. The
SAA7197 completes a system for
Desktop Video applications in
conjunction with memory controllers.

The input signal LFCO is a digital-to-
analog converted signal provided by
the DMDS-SQPs horizontal PLL. It is
the multiple of the line frequency:

7.38 MHz = 472 x 1 in 50 Hz systems
6.14 MHz = 360 x f,{ in 60 Hz systems

LFCO2 (TTL-compatible signal from
an extarnal reference source) can be
applied to pin 19 (LFCOSEL = HIGH).

The input signal LFCO or LFCO? is

multiplied by factors 2 or 4 in the PLL

(including phase detector. loop filter.
VCO and frequency divider) and

output on LLCA (pin7), LLCB (pin 10y,

LLC2A (pin 14) and LLC28 (pin 20)
The rectangular outpul signals have
50 % duly lactor. Outputs with equal
frequency may be connecled
together externally. The clock
outputs go HIGH during power-on
reset (and chip enabtle) to ensure
that no output clock signals are
available the PLL has locked-on

Mode select MS

The LFCO input signal is directly
connected 1o the VCO at MS = HIGH
The circuit operates as an oscillator
and frequency divider. [ his Tunclion
is not tested

Source select LFCOSEI.

Line frequency control signal | GO
(pin 11) 15 selected by L FCOSE{ -
LOW. LFCOSEL = IIGH splects
LECO2 mput signal (pin 10y Thie
function 15 not lesled

Chip enable CE

The buffer outputs are enabled and
RESN set HIGH by CE = HIGH {Fig.4).
CE = LOW sets the clock outputs
HIGH and RESN output LOW.

CREF output

2 fLrco oulput to control the clock
dividers of the DMSD-SQP chip
family.

Power-on reset

Power-on reset is activated at
power-on, when the supply voltage
decreases below 3.5 V (Fig.4) or
when chip enable is done. The
indicator output RESN is LOW for a
time determined by capacitor on
pin 3. The RESN signal can be
applied to reset other circuits of this
digital TV system.

The LFCO or LFCO2 input signals
have to be applied before RESN
becomes HIGH.

T ;1--!('('<'<'mlg‘:; -




Phllips Semiconductors ; Product specification
_

Video analog input interface TDAB708A

—— -]

FEATURES APPLICATIONS

¢« 8-bit resolution * Video signal decoding
Sampling rate up to 32 Mz * Scrambled TV (encoding and decoding)
Binary or two's complement 3-state TTL. outputs * Digital picture processing
TTL-compatible digital inputs and oulputs * Frame grabbing.
Internal reference voltage regulator
Power dissipation of 365 mW (typical) GENERAL DESCRIPTION
Input selector circun (One cut ot three aeo INputs) The TDAB708A is an analog input interface for video signal
Clamp and Automatic Gain Control {AtC) functions for pracessing. It includes a video amplifier with clamp and
CVBS and Y signals gain control, an 8-bit analog-to-digital converter (ADC)
No sample-and-hold circuit required with a sampling rate of 32 MHz and an input selector.

The TDAB708A has white peak control in modes 1 and
2 whereas the TDAB708B has control in mode 1 only

QUICK REFERENCE DATA

SYMBOL PARAMETER

Veea analog supply voltage

Veeo digital supply voliage

Veco TTL output supply voltage

leca anatog supply current

lcen digilal supply cuirenl

leco TTL output supply current

ILE DC integral linearity error

DLE DC difterential linearity error

fanimax) maximum clock frequency

B maximum -3 dB bandwidth {AGC amplifier)
Pt 101al power dissipation

ORDERING INFORMATION

PACKAGE

PIN POSITION MATERIAL CODE

TDAB708A ) DIP plastic SOT117-1
TDA8708AT S0O28L plastic SOT136-1

TYPE NUMBER

June 1984




Philips Semiconductors

Product specitication

Video analog input interface

TDA8708A

BLOCK DIAGRAM
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5 X

June 1994 3-826
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Chips & Technology 65540/65545 Flat
Panel Controller Data Sheet



65540 / 545
High Performance
Flat Panel / CRT VGA Controller

W Highly integrated design (flat panel / CRT VGA W Interface 10 CHIPS' PC Video to display "live”
controller, RAMDAC, clock synthesizer) video on flat panel displays
B Multiple Bus Architecture Integrated Interface ® Supports panel resolutions up to 1280 x 1024
» Local Bus (32-bit CPU Direct and VL) resolution including 800x600 and 1024x768
* EISA/ISA (PC/AT) Bus B Supports non-interlaced CRT monitors with
* PCI Bus (65545) . resolutions up to 1024 x 768 / 256 colors
B Flexible display memory configurations W True-color and Hi-color display capability with
* One 256Kx16 DRAM (512KB) flat panels and CRT monitors up 1o 610)(480
* Four 256Kx4 DRAMs  (512KB) resolution
* Two 256Kx16 DRAMs  (1MB) W Direct interface 10 Color and Monochrome Dual
B Advanced frame buffer architecture uses Drive (DD) and Single Drive (SS) panels
available  display  memory, maximizing (supports 8. 9, 12, 15,16, 18 and 24-bit data
integration and minimizing chip count intcrfaces)
B Integrated programmable linear address feature B Advanced power management features minimize
accelerates GUI performance _power consumption dunng:
. ; : * Normal operation
| Hardwere wmc?ows ac.celerauon (65545) - Standby (Sleep) modes
* 32-bit graphics engine * Panel-Off Power-Saving Mode
- System-to-screen and screen-to-screen et i
BitBlt B Flexible on-board Activity Timer facilitates
- 3 operand ROP's ordered shut-down of the display system
- Color expansion .
_ P . ™ R: N Power Sequencing control outputs regulate
«H &Tézﬁ?]g‘grm&dows BitBlt format - application of Bias voltage, +5V to the panel and
« 64x64x2 hardware curgsor +12 V 10 the invener for backlight operation
; _ B SMARTMAP™ intelligent color to gray scale
W Hardware POP' up icon (65545) conversion enhances text legibility
* 64x64 pixels by 4 colors . .
. lZle& pixels by 2 colors B Text enhancement feature improves white text
) ) ) contrast on flat panel displays
B High performance resulting from zero wait-state . .
writes (write buffer) and minimum_wait-state W Fully Compatible with IBM™ VGA
reads (intemal asynchronous FIFO design) W EIAJ-standard 208-pin plastic flat pack
B Mixed 3.3V /5.0V +10% Operation
-4 > Address RGB » To CRT
ggﬁ ‘ 28 65540 H/V Sync —> Display
32 7< #{Data or
32-bit 386/486 > Panel trol » ToFlat
CPU Direct or VL —]Control 65545 ar;fanCCIo rll);?a e PDalnc:
Local Bus, PCI isplay
Bus, or ISA LEILIEEY: S S 2 31604 24
System Bus Optional
SIZKB)’[C or PCVideo
IMByte Video || Muni-Media
Memory Interface

System Diagram

Revision 1.0

Preliminary 65540 /545




Introduction / Overview

Introduction / Overview

The 65540 / 545 High Performance Flat Panel /
CRT Controllers initiate a family of 208-pin, high
performance solutions for full-featured notebook /
sub-notebook and other portable applications that
requiré the highest graphics performance available.
The 65545 is pin-to-pin compatible with the 65540
and adds a sophisticaled graphics hardware engine
for Bit Block Transfer (BITBLT), line drawing,
hardware cursor, and other functions intensively
used in Graphical User Interfaces (GUIs) such as
Microsoft Windows™. The 65540 and 65545 also
use the same video BIOS, offering the system
manufacturer a wide range of price / performance
points while minimizing overhead for system
integration and improving time-to-market.  The

following table indicates feature differences
between the 65540 and 65545:
Features 65540 | 65545
Support for all flat panels v v
VESA Local Bus/ISA Bus v v
32-bit PCI Bus o v
Linear Addressing v v
Hardware Accelerator — v
Hardware Cursor —_ v/
Pin Compatible v/ v/
BIOS Compatible v/ v/

- panels,

The 65540 / 545 family achieves superior
performance through direct connection to system
processor buses up to 32-bits in width. When
combined with CHIPS' advanced linear acceleration
software driver technology, these devices exhibit
exceptional performance compared with devices of
similar architecture. The 65540 / 545 architecture
provides a fast throughput to video memory,
maximizing the capability of today's powerful
microprocessors to manipulate graphics operations.
Based on the architecture of the 65540, the 65545
adds a powerful 32-bit graphics engine to offload
graphics processing from the microprocessor for
maximum performance.

Minimum chip-count, low-power graphics sub-
system implementations are enabled through the
high integration level of the 65540 / 545 family.
These devices integrate the VGA-compatible
graphics controller, true color RAMDAC, and dual
PLL clock synthesizers. The entire graphics sub-

font stretching in the hardware.

system can be implemented with a single 256Kx16
DRAM. The 32-bit local bus interface of the 65540
/545 family climinates extemal buffers.

For maximum performance, the 65540 / 545
supports an additonal 256Kx16 DRAM, which
provides a 32-bit video memory bus and additional
display mcmory to support resolutions up to
1024x768 with 256 colors, 800x600 with 256
colors, and 640x480 with 16M colors. In addition,
the 65540/ 545 family can support PC Video multi-
media features while interfacing to a 32-bit local
bus and one MByte of video memory.

The 65540 / 545 family supponts a wide variety of
monochrome and color Single-Panel, Single-Drive
(SS) and Dual-Panel, Dual Drive (DD) passive STN
and active matrix TFT / MIM LCD, EL, and plasma
The 65540 / 545 family suppons panel
resolutions of 800x600, 1024x768, and 1280x1024.
For monochrome panels, up to 64 gray scales are
supported. Up to 226,981 different colors can be
displayed on passive STN LCDs and up to 16M
colors on 24-bit active matrix LCDs using the
65540 / 545 controllers.

The 65540 / 545 family offers a variety of
programmable features 10 optimize display quality.
For text modes which do not fill all 480 lines of a
standard VGA panel, the 65540 / 545 provides tall
Fast vertical
centering and programmable vertical stretching in
graphics modes offer more options for handling
modes with less than 480 lines. Three selectable
color-lo-grayscale  reduction techniques and
SMARTMAP™ are available for improving the
viewability of color applications on monochrome
panels. CHIPS' polynomial FRC algorithm reduces
panel flicker on a wider range of panel types with a
single setting for a particular panel type.

The 65540 / 545 employs a variety of advanced
power management features to reduce power
consumption of the display sub-system and extend
battery life. The 65540 / 545's internal logic,
memory interface, bus interface, and flat panel
interfaces can be independently configured to
opcrate at either 3.3 V or 5.0 V. The 65540/ 545 is
optimized for minimum power consumption during
normal operation and provides two power-saving
modes - Panel Off and Standby. During Panel Off
mode, the 65540 / 545 wums off the flat panel while

Revision 1.0

Preliminary 65540 / 545
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Introduction / Overview

the VGA sub-system remains active. The palette
may also be automatically shut off during Panel Off
mode to further reduce power consumption. During
Standby mode, the 65540 / 545 suspends all CPU,
memory and display activities. In this mode, the
65540 / 545 places the DRAM in self-refresh mode
and the 65540 / 545 reference input clock can be
tumed off. The 65540 / 545 also provides a
programmable activity timer which moniiors VGA
activity. After all display activity ceases, the timer
will automatically shut down the panel by either
disabling the backlight or putting the 65540 / 545 in
Panel Off mode.

The 65540 / 545 is fully compatible with the VGA
graphics standard at the register, gate, and BIOS
levels. The 65540 / 545 provides full backwards
compatibility with the EGA and CGA graphics
standards without using NMls. CHIPS and third-
party vendors supply fully VGA-compatible BIOS,
end-user utilities ~and  drivers for common
application programs (e.g., Microsoft Windows™,
0S/2, WordPerfect, Lotus, etc.). CHIPS' drivers for
Windows include a Big Cursor (to increase the
cursor's legibility on monochrome flat panels) and
panning / scrolling capability (10 increase
performance).

MINIMUM CHIP COUNT / BOARD SPACE

The 65540 / 545 provides a minimum chip count /
board space, yet highly flexible VGA sub-system.
The 65540 / 545 integrates a high-performance
VGA flat panel / CRT controller, industry-standard
RAMDAC, clock synthesizer, monitor sense
circuitry and an activity timer in a 208-pin plastic
flat pack package. In its minimum configuration,
the 65540 / 545 requires only a single 256Kx16
DRAM, such that a complete VGA sub-system for
motherboard applications can be implemented with
Jjust two ICs. This configuration consumes less than
2 square inches (1290 $q mm) of board space and is
capable of supporting simultaneous flat panel / CRT
display requirements while directly interfacing to a
32-bit local bus. As an option, a second memory
chip may be implemented to increase performance
(via a 32-bit data path to display memory) and
Support graphics modes which require more than
512 KBytes of display memory. No external
buffers or glue logic are required for the 65540 /
545's bus interface, memory interface, or panel

interface.  The 65540 / 545 employs separate
address  and  data buses  with sufficient drive
capability such that the bus can be driven dircclly.
The 65540 / 545 also provides up to 24 bits of panel
data with sufficient drive capability such that
vinwally all flat panels can be driven directly.

DISPLAY MEMORY INTERFACE

The 65540 / 545 supports multiple display memory
configurations, providing the OEM ‘with the
flexibility to usc the same VGA controller in
several dcsigns  with differing cost, power
consumption and performance criteria. The 65540/
545 suppons the following display memory
configurations:

® One 256Kx16 DRAM (512 KBytes)
® Two 256Kx16 DRAMs (1 MBy1es)
B Four 256Kx4 DRAMs (512 KBytes)

Performance is significantly improved when the
65540 / 545 is configured with a 32-bit data path 10
display memory, which is accomplished by using
two 256Kx16 DRAMs. Two 256Kx16 DRAMs
Support all standard, Super, and Extended VGA
resolutions up to 1024x768 256 colors as well as
"high” 16bpp color and "true” 24bpp color modes.
The table on the following page summarizes the
display capabilitics of the 65540 / 545.

Display memory control signals are derived from
the integrated clock synthesizer's memory clock.
The 65540 / 545 serves as a DRAM controller for
the system's display memory. It handles DRAM
refresh, fetches data from display memory for
display refresh, interfaces the CPU w0 display
memory, and supplies all necessary DRAM control
signals.

The 65540 / 545 supports 'two-CAS / one-WE' and
‘one-CAS /1wo-WE' 256Kx16 DRAMs. The 65540
/ 545 supports the self-refresh features of 256Kx16
DRAMs and cenain 256Kx4 DRAMs during
Standby mode, enabling the 65540 / 545 10 be
powered down completely during suspend/resume
operation.

Revision 1.0
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Floppy Disk Controlier

8 Single-chip floppy solution

B Software compatible with NEC 7655

erpendicular recording support

B 48mA disk drivers and Schmitt-trigger inputs

B Di for two drives, to f ives wi
extemmar S " o four drives wit

M Enhanced digital data separator

B No external filter components required

and Intel 82077

82C735
ontrollers With Printgine

Paralle] Port—Printgine~

B Multiprotocol parallel port interface, P1284-compatibie

8 Compatible with IBM PC, XT, AT, and PS/2
architectures

B Standard and bidirectional parallel port

B Microsoft and Hewlett-Packard Extended Capabilities
Port __(gCP), Enhanced Paralje] Port (EPP), and fast
Centfohics protocols support

W Tfansfer rates Up to 2MB/sec possible with fast

< protocols

n iugpr:rt;for 250kB}s, 300kBys, S00kB/s and 1MB/sec , '..zh‘b(oools implemented in hardware to reduce software
. % & Overhead, Aty
B Primary and secondary floppy address port selects ,.,%:\‘;E 24mA parallel port qm}g:f&&ﬁvas
Serial Ports %\w Q 128-byte FIFO 4 St
L T . Rt \
& Two NS16550 compatible UARTS Q‘g%v <& General %“E‘t‘i‘ ﬁ@:_, .
S 16byie FIFO . %t W 100-percent ¢olnpatibje Wwith IBM PC, XT and AT
B Modem contro] circuitry - ey i architecturéy. ¥ A
B Optiona] PS/2 type mouse port logicip%léa uide,™ @ 24rmA” AE-WXT blﬁ’:igtcffaoe buffers
RIOS and software driver control m“ '{Eﬁ@y B Gam N8 port and Yenéral purpose chip select logic
L___.nterface ‘“;y , "‘% h._b‘ﬁ—chip-j;o%wor' Mmanagement features, controliable
W Provides a complete IDE dge Tor embitided hard R glfllmilware and/or software
disk drives, i 4\%& M | Conﬂgm%hon via software
W Primary and swmdﬂl%l%%drjﬁﬂielects . k\’%ﬁ n lgo:ﬁm QFP package
Rae . 2 - .
. Gamd Sérial Biwr o
Port 2
e - o B
82C73s
i
Flepry Dian lnt’-br"nn
_ System Block Diagram
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Introduction

Introduction

The CHIPS® 82C735 enhanced /O ripheral controller is
a single-chip solution offering compﬁ;e I/O capabilities for
PC/AT and PC/XT motherboard applications. The
controller is configured via software.

The 82C735 features a floppy disk controller, a digital data
separator, two 16550 compatible UARTSs, an enhanced
bidirectional parallel port interface called Printgine, IDE
interface control logic, and a game port chip select. For
more information about these systems, see the “Functional
Description.”

4MB FLOPPY DISK CONTROLLER

The floppy disk controller is software compatible with 765B

and 82077 controller functions. It vides a 4MB
dicular moordin§ format as well as the standard

goppy drive format for 5.25-inch and 3.5-inch media. 'I'he"*‘

controller supports two drives directly and up to four drj i~

With,san external decoder. 3 YY,&,

DIGITAL DATA SEPARATOR é;:x"
The digital data separator is capable of ﬁihm@&

tolMB/secandrequimnoex(amlcod:lb:{rm ¥

NS16550 UARTS AND IDE g/\“?*} .-*;&, :

The two licensed NS16550 ,Un;\ﬁ'l‘t areim%ved versions e
of the NS16450 UARTS. 'Iﬁeyj}c providéd with individual
16-byte FIFOs to telieVg;_héCPU‘E.(ﬂechssivc softwfire | *
overthead and are still cap'_able of runiling existing 16350
software. .

L Y
The IDE control logic provides a complete IDE tetface for; %-
embedded hard disk drives. ERES 3 2'\,
‘\ -{%
MOUSE PORT LOGIC SR
The 82C735 controller features optional PS/2 ‘styls mouse

Bon logic with BIOS and driver support. Only one of the
ARTs can be used when the mouse is operational.

Yoo implementifig the protdcol? in hardware.
v i

PRINTGINE PARALLEL PORT INTERFACE

The parallel port interface, Printgine, is a multiprotocol
interface capable of supporting both unidirectional and
bidirectional transfer modes. It is fully compatible with ISA
and PS/2 in the standard modes, and also supports Microsoft
ECP, EPP, and fast Centronics in the enhanced modes. The
outEut on the control pins switch to become bidirectional
TTL drivers in the fast modes. This makes the port run faster
than is possible with the open-drain drivers provided for the
standard modes.

5
Printginé::provides an economical mechanism for
significantly improving the throughput of an improved

atallel port that is upward compatible with the existing
-paraliel port. The interface can operate in five different
Wdes: “standard (ISA-style unidirectional), bi-di
S/2-8t51% bidirectional), Mitrosoft ECP, EPP, and fast
‘Centitnics. The standard and bi-di modes are compatible

Jith existing parallel pott protocols.

‘«3% y “The ECP, EPP, an‘aT“aft‘Cenﬁ;ﬁics protocols are enhanced

idirectional mddes.that achievs. tic improvement by
0 The fast
Centronicéymdde is-cipable of a data transfer rate of
200kB/séc, While the - ECP and EPP modes are capable of
data tr‘ns( fet rates of 2MB/sec, compared to 15kB/sec in the
standard modes, J

%?:‘n-"i AT,

3
OWER MANAGEMENT

me.hz&ss is provided with several power management
féatures that are controllable through hardware or software.

~dn hirdware, the device can be completely powered down
through a powerdown pin. In this mode, all inputs are

~ disabled, all outputs are inactive, and the contents of all
registers are preserved (as long as the power supply is
maintained). In software, the device allows each port to be
powered down independently.

Pail

Revision 0.4  7/15/93 7
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82C9001A
PC Video™
Video Windowing Controller

| Sém rate conversion and windowing control for Supports NTSC, PAL, SECAM, S-VHS. and
display of a live video image on a computer RGB input formats from industry-standard vidco
graphics monitor a digitizer chipsets
B Window positioning controlled by independent W Supports standard 4:1 :1 and 4:2:2 YUV and 16-
X-Y coordinates and by color keying bit RGB digital formats
® Independent X-Y scaling of video image to 1/64 B Supports a mcmory cfficient 2:1:1 YUV format
original image size
® Interlaced or non-interlaced input vidco
W Still-frame capture and display of true-color
images W Interlaced or non-interlaced output supporn
® Input resolutions up to 1024H x 512V pixels B Output zoom by factors of 2, 4 and 8
' with full broadcast quality video bandwidth
B Full-motion color video support on flat-pancl
B Up 1o 800 x 600 display resolution displays with thc 82C457
Video Video
Source — " Digitizer
_ — Sync VGA Feature
Data Conncctor
o Control . VGA Disol
« . splay
PC Video —
System Bus Address Connector
- Data R Key
y
—
. : »] Video Analog To
Video DAC : Mux CRT
Memory A

PC Video System Block Diagram

Revision 2.0
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Introduction

OVERVIEW

The PC Video video windowing chip is the core
component of a video subsystem which converts a
standard full-motion video image into a format for
display on a computer graphics monitor. PC Video
controls positioning and scaling of the video image
on the output display and allows the video image to
be merged with computer graphics for interactive
multimedia applications. Market applications of a
subsystem based on PC Video include interactive
video training, computer-based education programs,
point-of-sale information, business presentations,
video conferencing, and desktop publishing. PC
Video integrates all the controlling logic for video
scan rate conversion, windowing control, and scaling.
Operation with VGA graphics is supported via the
graphics feature connector. a

A video windowing sub-system can be implemented
with the following components:

m PC Video
| A standard "Digital TV" chip set
® 4 VRAMs

Other optional configurations are supported for
higher color and luminance bandwidth.

WINDOW ACQUISITION AND POSITIONING

PC Vidco provides the control signals for a standard
video digitizer chip set. Interlaced and non-
interlaced video sources, at full broadcast quality
bandwidth, are supported at resolutions up to 1024 x
512 pixels. PC Video may be programmed to
capture a full-sizc video image or a user-defined
cropped or reduced area.

1024
Optons Y
Scaing E;

Video input Oisplay Memory

512

VGA Display

PR

Videco output window positioning is provided by
programmable X-Y coordinates and color keying to a
specified color. Color Keying is based on the digital
color information from the VGA fcature connector.
Color keying is supported independently or in
conjunction with X-Y coordinatcs.

SCALING

PC Video provides independent X-Y scaling of the
input vidco imagce in integer incremcnts of 1/64.
Images may be compressed down to 1/64 of the
original image size, supporting video icons for
graphical uscr intcrfaces.

MEMORY INTERFACE

PC Vidco opcrates with 256K x 4 100 ns VRAMs.
Three configurations are supported: 4 VRAMs for
2:1:1 encoding, 6 VRAMs for 4:1:1 encoding, and §
VRAMs for 4:2:2 and 16-bit RGB encoding.

Memory Requirements

Bits per Mcmory
Pixcl Format Required Video Quality

12-bit  2:1:1 YUV 4 VRAM Compressed lumi-
nance bandwidth

12-bit  4:1:1 YUV 6 VRAM Broadcast video
bandwidth

16-bit  4:2:2 YUV 8 VRAM Improved chroma
bandwidth

16-bit  16-bit RGB 8 VRAM 65,536 colors

COLOR FLAT-PANEL SUPPORT

PC Vidco, with the 82C457 Color flat pancl con-
troller and the 82C411 pallette chip, provides full-
motion video on a color LCD. The 82C457 dithers
the PC Video output data to provide 20,000 colors on
a 512-color display.

Revision 2.0

PC Video 82CY9001A
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HR700 Series dc-dc converters offer up to 70 watts of power
from single, dual. or triple outputs in one package. The con-
verters combine the small size and high reliabiiity of hybrid-based
components, the high efficiency of switching regulators, and the
isolation, regulation. and low noise characteristics of linear
regulators.

SMALL SIZE

The HR700 converters are manufactured using techniques
that provide very small size and low profile components. Each
converter uses less than eight square inches of board area and is
1595 inch fugh or less. The overall power density is 20 watts per
cubic inch

HIGH RELIABILITY

Assembled using thick-fiim hybrid technology. the HR700 con-
verters are built to perform reliably in the harshest environments.
The converters have mare uniform thermal coefficients and 50%
fewer connections than converters built by surface mount tech-
niques. The HR700 parts use the same manufacturing proce-
dures and quality controls that we apply to converters designed
for commercial airliners, the space shuttle, advanced fighter air-
craft. and other high reliability applications. The steel cases are
hermetically sealed in a dry nitrogen environment and are guar-
anteed a maximum leak rate of less than 103 atm-cc/sec. Stabili-
zation bake and a 24-hour burn in at maximum operating temper-
ature are standard for all parts. All devices are 100% electrically
tested.

HIGH PERFORMANCE

The HR700 series parts are high efficiency, low noise, pulse
width modulated converters which utilize a quasi-square wave
forward converter design with a nominal switching frequency of

* Up to 70 watts output power

* Hermetically sealed metal case

* Up to 83% efficiency

* Industrial converters with Military program
reliability

* Burn in and stabilization bake standard

» External synchronization

¢ Short circuit protected

* 19-40 Vdc input range

* 20 watts per inch®

* -20 to +70°C operation

245kHz. Isolation between input and output is provided with a
transformer in the forward power loop and a wide band, tempera-
ture insensitive optical link in the feedback control loop. Short
circuit protection is provided by detecting peak primary switching
current on a cycle basis and limiting it to approximately 1309 of
the full load input current. This method resuits in quick and posi-
tive current limiting under short circuit conditions.

HR700 Series dc-dc converters are designed to provide fult
power operation over the input voltage range of 19-40 Vdc. Oper-
ation below an input of 19 volts is possible with derated output
power. Outputs are available as 5, 12, and 15 Vdt in single, dual
and triple outputs. The converters typically provide greater than
80% efficiency over the entire input range. Line regulation is
typically within 0.1% and load regulation within 0.2%.

LOW NOISE

The HR700 series converters offer low noise on both the input
and output lines. A two section, four pole LC input filter is
included to provide very low reflected line ripple current. Output
ripple is maintained at less than 50mV p-p for single and dual
output models and 85mV for triple output models.

INHIBIT/SYNC FEATURE

An inhibit/sync pin is standard on all modeis of the HR700
series converters. The pin serves as both an output inhibit and as
a synchronization input. In the inhibit mode an open collector TTL
compatibie low (<0.8Vdc) will disable internal switching thereby
inhibiting the unit's output. inhibiting in this manner results in an
extremely low quiescent current.
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SPECIFICATIONS (ALL MODELS) T, = 25°C, v,, = 28 Vdc unless specified otherwise.
INPUT VOLTAGE RANGE: 19 to 40 Vdc (Note 4).

OPERATING TEMPERATURE RANGE: -20°C to + 70°C (Case).

EXTERNAL SYNC. DUTY CYCLE: 70 to 98% high.

STORAGE TEMPERATURE RANGE: -55°C to + 125°C (Case).

QUTPUT VOLTAGE TEMPERATURE
COEFFICIENT: 150 ppm/°C (Typical).

ISOLATION: 100 Mohm Minimum at 500 Vdec.
INPUT TO OUTPUT CAPACITANCE: 160 pF Typical.
CONVERSION FREQUENCY: 245 kHz Typical.

EXTERNAL SYNCHRONIZATION RANGE: Nominal to 370 kHz.

CHARACTERISTICS (SINGLE OUTPUT MODELS) T, = 25°C, Vi =

WEIGHT: 140 Grams Typical.

EXTERNAL SYNC. VOLTAGES: Logic High > +4.5 Vdc

Logic Low < +0.8 Vdc
OUTPUT INHIBIT PIN: Open collector TTL compatible
TTL Logic High (Open Circuit) = output enabied (=4.5 vdc)
TTL Logic Low = output disabled (<0.8 Vdc)
OUTPUT INHIBIT PIN OPEN CIRCUIT VOLTAGE: +4.510 +5.5 Vdc.
OUTPUT INHIBIT PIN LOGIC LOW CURRENT: 1mA Max.

28 Vdc free run mode, unless specified otherwise.

HR701-2805 HR701-2812 HA701-2815

PARAMETER | CONDITION |"MIN, TYP. MAX.| MIN. TYP. MAX. | MIN. TYP_MAX. [UNITS
OUTPUT FULL
VOLTAGE LOAD 49 500 510 [11.75 1200 1225|1475 1500 15.25| vDC
OUTPUT FULL
CURRENT LOAD - — 12.00 — — 583 — — 467 ADC
OUTPUT TC = -55°
POWER TO +85°C - - &y - = 70 - - 70 |WATTS
OUTPUT FULL LOAD
INPUT NO LOAD — 75 100 - 70 7 100 — 70 100 | b
CURRENT INHIBITED -~ 30 35 - 30 35 - 30 35
INPUT REFL.
RIPPLE FULL LOAD — 10 50 - 10 50 — 10 50 mA
EFFICIENCY 77 80 — 80 83 - 80 83 - %
LOAD NO LOAD
REGULATION 10 FULL — 10 30 - 10 30 — 10 30 |mvDC
LINE 19 TO 40
STARTUP WITH LOW
TIME IMP. SOURCE | — S 10 - 8 10 - 8 10 | mS

DERATING INFORMATION

1. Linearly derate output power to zero watts at 125°C.
2. Above 105°C linearly derate steady state and transient input voltage to 33 and 38 volts respectively at 125°C.
3. Indefinite short circuit protection is not guaranteed above + 70°C.
4. Operation below an nput voltage of 19 volts, including operation in MIL-STD-704D emergency power conditions is possible. with

derated output power. See Fig. 4.

TYPICAL PERFORMANCE CURVES
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CHARACTERISTICS (DUAL/TRIPLE OUTPUT MODELS) 7, = 25°C, Vin = 28 Vdc free run mode. unless specified otherwise.

HRA702-2812 HR702-2815 “HR703-2812 HR703-2815
PARAMETER | CONDITION “MiN.  TYP. MAX. | MIN. TYP. MAX | MIN. TYP. MAX. [ MIN. TYP. MAX. |UNITS
OUTPUT FULL  MAIN — - — - — — | 490 505 515 | 49 495 51 |+DCV
VOLTAGE LOAD DUAL | 1175 1200 12251475 1500 1525|1150 11.80 121 | 1505 1530 1575 | sD0V
QuUTPUT Va = MAIN — — — - - — — 40 100 | — 40 100 | ADC
CURRENT 19.40 DUAL | — 292 55 — 233 44 - 167 42 — 133  3.33 horest44
MAIN — — — — - — — 20 50 — 20 50
SomeeT + DUAL - 3% 665 — 35 65| — 20 50 | — 20 20 |warTs
TOTAL — 70 NOTE 1 —_ 70 NOTE 1 — 60 NOTE 2 — 60 NOTE 2
OUTPUT FULLLOAD MAN | — — — - - — — 50 100 — 50 100 |
RIPPLE BW<oMHz DUAL | — 30 100 - 30 100 — 50 100 - 50 100 |MV PP
INPUT NO LOAD - 75 100 - 75 100 — 35 115 — 60 115 1 abc
CURRENT INHIBITED — 25 35 — 25 35 - 30 35 - 25 a3 |M
INPUT REFL. FULL LOAD
RIPPLE BW < 10Mis - 15 50 — 15 50 — 15 50 - 15 50 |mAp-p
EFFICIENCY 80 83 - 80 83 -~ 79 84 — 79 84 - %
LOAD NOLOAD  MAN [ — — — — — - — 5 30 - 5 30 VDG
REGULATION | TOFULL  DUAL | — 25 50 - 25 50 — 480 750 - 300 600 |M
LINE 19. MAN | — — - - - — — 2 25 — 2 25 VDG
REGULATION [ 40V DUAL [ — 10 30 - 10 30 — 100 225 — 100 225 |M
STARTUP
e - 15 25 — 15 25 — 6 10 - 6 10 mS
CROSS 3 +Po= IWI03SW _ - — — — _ — —
REGULATION | P& Ipo.giy 1.5 3.0 1.5 3.0 %
o e ivenw] — 20 40 | — 20 as | - - _ | - _  _
CROSS 4 MAN  Po=30W
| REGULATION | +Po- 3Weztw | — - — — — — - 23 60 — 23 50 %
-Po=27W1o 3W
Lt — = — | = —  — | - 54 s0| - so 70
Note 1: On dual output modeis the maximum combined output power 1s 70 watts.

A maximum of 95% (66 5W) is available from any singie output.

On tripie output models the maximum combined output power 1s 60 watts.

A maximum of 50 watts is available from a single output.

Shows regulation effect on the negative dual output during the defined cross loading conditions.
Shows regulation effect on both dual outputs during the defined cross loading conditions.

Note 2

Note 3.
Note 4

DERATING INFORMATION

1. Derate output power linearly to zero at + 125°C.

2. Above 105°C derate steady state and transient input voltage linearly to 33 and
38 volts respectively at + 125°C.

3. Indefinite short circuit protection is not guaranteed above + 70°C.

4. Operation below an input voltage of 19 Vdc, including operation in MIL-STD-704D
emergency power conditions is possible with derated output power. (See Figure 5.)

TYPICAL PERFORMANCE CURVES

! } T 1 o s
NI "1 HRA701-2815: ~ HR702-2815~ |/
5 ' HR702-2812
S ob / ; gw, ]
- — o > AT |/
R }/1/( i - F 7 7
2 — 7 - w o o
Sl S ez NN ARN
Ny anns 3 7 ,
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- HR700 SERI
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. 10301 Willows Road P.0. Box 97005 Redmond, WA 9807?:97(15 TEL: (206) 882-3100 TEL: (800) 822-8782 FAX: (206) 882-1990
- METAL HERMETIC PACKAGE
]
=— 3200 (vax) | HR701.2805
l = 3140 (wax] ! HR701-2812  HR7022812  HR703.2812
e I ?_ - § gzg | HR701-2815  HR702-2815  MA703.2815
e SINGLE | OuaL | Tmece
o DESIGNATION PINNO. | PINNO. | PINNO,
10x | POSITIVE INPUT ) 1 3
| —|— €| — 1600 \ INPUT COMMON 3 3 3
f 141 DiA INHIBIT/SYNC INPUT 4 4 4
J HOLE (MAX) CASE GROUND 2 2 2
6 POSITIVE MAIN QUTPUT (+5 +120r +15vVDC) 9. 10 6 9 10
POSITIVE AUX OUTPUT (+ 12 or +15VDC) NTA NIA s
o , —|® 350 NEGATIVE AUX OUTPUT (12 or <15VDC) N7A 5 s ]
000 + —— — ‘—{ 080 (Min) J MAIN OUTPUT COMMON 7.8 7.8 7 8
b AT T I :amN 126 RADILS AUX OUTPUT COMMON N/A 78 78
S8 8% 2 ., 83% 223833 L ’ POSITIVE REMOTE SENSE 6 NIA NTA
00
s TS8S T F3 COMMON REMOTE SENSE 5 N/A N/A
(2 iz z #
TOP VIEW HTNS | CASE. PINS AND COVER. Cold Rolled Steel with Fused Tin Finish
HR700 SERIES CASE CAUTION: Heat from reflow or wave soldering may damage this con-
NOMINAL CASE DIMENSIONS (IN INCHES) ‘ verter. Solder this part one pin at a time with heat application NOT
exceeding 300°C for 10 seconds per pin.
TYPICAL PERFORMANCE CURVES
- F [ ' [ T T 11—
a7 87 4 .
S, J191ﬂ ; 9 Vi
8s

85 ——r T
~ni | ~as
R/ AENEE .
§79[ 1/'< | J—; §79
Yot 8V ! g7
‘.t‘f:>7i‘)‘g_L ‘ 1 —rj §75

E 40V !
73?‘ i T [j 73
M — n

10 20 30 40 SIO 60 70
OUTPUT POWER ( WATTS )
HR702-2815
EFFICIENCY VS. LINE & LOAD
Figure 7
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HR300™ dc-dc converters combine the small size and
high reliability of hybrid-based components, the high
efficiency of switching regulators, and the isolation, regula-
tion. and low noise characteristics of linear regulators.

SMALL SIZE AND HIGH RELIABILITY

HR300 dc-dc converters use thick-film hybrid manufactur-
ing techniques for smaller size, lighter weight and higher
refiability than converters produced with other circuit
technigues. With a footprint of less than 3.2 square inches
and a 0.5 inch maximum height, the HR300 converters reach
power densities up to 22 watts per cubic inch.

The HR300 parts use the same manufacturing procedures
and quality controls that Interpoint applies to converters built
for aerospace and military applications. The converters are
hermetically sealed in metal packages that are guaranteed a
maximum feak rate of 10-3 atm-cc/sec. 24-hour burn-in at
maximum operating temperature and 100% electrical testing
are standard.

HIGH PERFORMANCE

HR300 converters utilize a constant frequency pulse-width
modulated switching regulator design operating in the
forward mode with a clock switching frequency of 240 to 300
kHz. isolation is achieved through the use of a transformer in
the forward power circuit and an optocoupler in the feedback
control loop. The full load output power of 30 watts is avaii-
able over the entire 18 1o 36 Vdc input range. On dual output
models, up 10 90% of full power is available from either output
up to a combined total of 30 watts.

The HR300's high efficiency is maintained over the entire
mput voltage range and from approximately 25% of full load
to full load (see typical efficiency curves).

Short circuit protection is provided through foldback
- Current iimiting. When the output current reaches approxi-
malely 125% of the full rated load. the output voltage begins

* Up to 30 watts output power
* Less than 3.2 square inches of board area
Hermetically sealed metal case
Short circuit protected

Up to 86% typical efficiency

18 to 36 Vdc input range
Single or dual outputs

Low profile (1/2 inch max.)

to reduce to protect the converter. The converter can sustain
a true short circuit condition indefinitely. The HR300's flanged
case facilitates removal of heat and provides for mechani-
cally secure mounting. If full power operation or indefinite
short circuit protection is a system requirement, the HR300
converter should be mounted with an efficient heat sink in
contact with the mounting flange.

Internal filters in all HR300 converters provide low noise on
both the input and outputs. On HR301 models, two-section
L-C filters limit output ripple voltage and reflected input ripple
current. On HR302 models, single-section L-C filters perform
the same function,

For maximum output regulation, the HR301-2805 is
provided with external output voltage remote sense pins.
Connecting the remote sense pins to the load provides a four-
terminal voltage mode which eliminates the adverse effects
of line resistance voltage drops. Remote sense pins may be
left unconnected, but see cautions in this data sheet. For
normat operation, remote sense pins should be connected to
the respective output pins.

OUTPUT INHIBIT

An inhibit is provided to allow a logic input to shut down
the converter. An open circuit on the inhibit pin (pin 2) allows
normal operation. A connection between the inhibit pin and
the input common (pin 10) disables the internal oscillator,
shutting down the output. The inhibit pin has an open circuit
voltage of 11 to 16 Vdc. In the inhibit mode., approximately
1 mA must be sunk. An active low open collector is required
to activate the inhibit function.



CHARACTERISTICS: Tcase = 25°C, ViN =

CLOCK FREQUENCY =

110 ISOLATION = 100 me

OPERATING TEMPERAT

240 to 300 kHz

URE = -40°C to 85°C
TRANSIENT PROTECTION: Up to 50 Vdc for 50 m-sec.

gohm minimum at 500 Vdc

BURN-IN: 24 hrs. at 8

HERMETICITY: Leak rate less than 1 x 103
CASE & PIN MATERIAL: Cold rolied steel

5°C

28 Vdc unless otherwise specified.

atm-cc/sec
with fused tin finish

HR301-2850, HR301 -2812, HR301-2815 DC-DC CONVERTERS
R R . CAUTION: Permanent dam-
PARAMETER CONDITIONS HR301-2805 HR301-2812 HR301-2815 UNITS age to the HR301-2805 wil
MIN TYP  MAX MIN TYpP MAX MIN TYP MAX result if pin 6 is shorted to
- - oC grounc'f. Damage may aiso
INPU case = -40° _ _ _ result if pin 4 or pin 5 1s dis-
VOLTAGE I to +85°C 19 36 18 36 '8 36 Ve connected from the load
durning operation with the
CILS\JRPRUETNT ngD — 15 — — 20 - — 20 - mA remote sense leads con-
nected to load.
V%LﬂTTi%TE 495 50 505 | 1188 120 1212 | 1485 150  15.15 vdce It remote sense pins are not
connected to load, outpul
OUTPUT ViN = min _ _ 6.0 _ _ 25 _ _ 20 A voltage of the HR301-2805
CURRENT to 36 Vdc : ) . will rise to approximately
ouTPUT Tc = -40°C — - 30.0 - - 30.0 - — 30.0 walts 6.2 Vdc measured across
POWER to +85°C pins 4 and 5.
Po = 30W .
EFFICIENCY Rated Load 79 82 — 80 84 — a2 86 — % N/O\;E:.
= 1 ith remote sense pins
LINE 1/ Po = 30w — 7 25 — 10 40 — 10 40 mv connected 1o ioad and
REGULATION Vin=min_ 1o 36 Vdc no resistance between
LOAD 1/ - output pins and load.
REGULATION Po = 0 1o 30W - 5 25 - 10 40 - 10 40 mv 2/ A jow oulput impedance
OUTPUT RIPPLE FULL LOAD gﬁvﬁ(es?:gfﬁ ﬁ,rfg:;,rgg
— 0 60 — 7 — 30 75 Vp-
VOLTAGE BW < 2 MHz 3 30 0 mvep this startup time. If less
INPUT RIPPLE FULL LOAD . than full surge current s
CBRHENT BWSZ(P?/IHZ - 5 15 - 10 25 - 10 2 mAp-p available. startup time
will be longer
STARTUP 2/ FULL
TIME LOAD - 15 - — 30 — — 40 — msec
STARTUP FULL _ _ _
OVERSHOOT LOAD - 500 - 0. —~ 1500 mv
INPUT/QUTPUT
CAPACITANGE - 80 - - 80 - - 80 - pF
INHIBIT PIN T = 28°C _ _ _
OPEN CKT v Case 11 16 " 16 1 16 v
INHIBIT PIN UNIT INHIBITED _
CURRENT PIN2< 1V - 10 - - 10 - - 10 mA
TEMP COEFF OF o s _ — — — — — %/°
OUTPUT VOLTAGE -40°C 1o +85°C £.01 £ 01 +.01 %/°C
WEIGHT — — 60 — — 60 — — 60 grams
TYPICAL PERFORMANCE CURVES:
so% 8% T T LY
V, =28 V=18
sexf- /
(7Y % ]
— Vo5, A I~ w
9 2% / V=3 L —
§ ,"\7 - § 0% E HR30Y 2815
=3 { _
L W oras
5 n% / \“=19 E 14 / g %Y F /
£ / & 76 5 ” > HR301-2817 ——
74% 74%
15y
™% 2%
> f [ o
68% 68% 14v

w

1OW 15w 20W 25w 30w

OUTPUT POWER (WATTS)
HR301-2805 EFFICIENCY VS

LINE AND

LOAD

Figure 1

SWo 10w 15w 20w 25w 30w

OUTPUT POWER (WATTS)

HR301-2812 EFFICIENCY VS
LINE AND LOAD

Figure 2

0w 15W 20w 25w 30W
OUTPUT POWER (WATTS)

LOWLINE DROPOUT
VS LOAD

Figure 3

5w
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HR302-2812 and HR302-2815 DC-DC CONVERTERS

HR302-2812 EFFICIENCY VS
LINE AND LTAD

Figure 4

HR302-2815 EFFICIENCY VS
LINE AND LOAD

Figure 5

' HR302-2805 | HR302-2812 | uUNITS
PARAMETER CONDITIONS [ WN Tve wax [wN v MA—"‘
INPUT Tcase = -40°C
VOLTABE e e ’ 18 — 3 18— 36 i vdc
INPUT NO
CURRENT LOAD ’ - 35 50 - % 60 ] mA
OUTPUT Po = 18 ’ *1188 +120 41212 [41485 4150 +150% } Vae
VOLTAGE 1o 36 Vac 1188 120 1212 | 1485 150  151s
OUTPUT 1/ Vin = min
CURRENT 10 36 Vdc 1 — — 25 - = 20 , A
OuTPUT { Tcase = -40°C
POWER 10 +85°C { — — 30.0 — — 30.0 watts
Po = Max
EFFICIENCY ‘ Ry 12X [ 80 84 - 81 g5 - %
LINE Po - 30w
REGULATION Ve = 1810 36 Vde ’ - 0 30 -0 40 mw
REGlhoLi\\?'lON Po = 0to 30w ’ — 20 60 — 20 60 mv
OUTPUT RIPPLE FULL LOAD
VOLTAGE ’ BW < 2 MHz ’ - 50 90 — 5 %0 | mvp-p
INPUT RIPPLE FULL LOAD
CURRENT } BW < 2 Mz ] - 15 60 I - 1 60 [ mAp-p
STARTUP 2, FULL
TIME 1 LOAD [ - 60 - ’ — 80 | msec
STARTUP FULL
OVERSHOOT { LOAD { — 180 — , — 1500 - , mv
INPUT/OUTPUT
CAPACITANCE ) I - — 70 1 - = 80 f PF
INHIBIT PIN X
OPEN CKT v/ ’ Tcase = 25°C ’ 8 — 12 1 10 ~ 14 J \
Po=3w ’ - 25 as [ — 22 3.2 J %
CROSS
REGULATION - _ _ %
B0 = 30 10 270 25 35 l 22 32 }
TEMP COEFF OF ] . .
OUTPUT VOLTAGE -30°C to +85°C [ — + 01 — I — +.01 — , %/°C
WEIGHT ! — — 60 , — — 60 I grams
TYPICAL PEHFORMANCE CURVES:
88% 2% 1' 1—,
=
86% 66% /
M % A % 36v. =28
82% a2y / -
> 80% Z; 80%
g 78% g 8% /
o £
&.‘ 76% o 76% /
74% 74% l
2% ™ T—l
70% 70%
- M i 0 0 5 O O
sw OW 15w 20w 25W 30w 5w 10W 15w 20w 25W 0w
OUTPUT POWER (WATTS) (.UTMPCMERMATTS)

NOTES:
1/ Up to 90% full power 1s available from
either output providing the totaj output

power does not exceeg 30 watts.

2/ A low output impedance power source
8 required on the Input to reatlize this
startup time. If iess than fyi) surge
current is available, startup time will
be longer.

8V
' HENR
w215 |
wof
B
§1‘V / L *;m’”l'z
15y 4 }

[ [ ]

SW oW 1SW 20w 25w 30w
OUTPUT POWER (WATTS)

LOWLINE DROPOUT
VS LOAD

v

Figure 6
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METAL HERMETIC 10-PIN DIP PACKAGE

TOP VIEW
o 2700
| (68.58)
BT AT 3 —
0 500 -l |- — _— _— _ - N (DU | oo b
nszn ‘ ;10 90 8‘ 70 6’ )
] ‘ 0.040 DIA PIN
CORNER b /-&ksz (102}
e’ om—@ | @ —2%
TOP !
INDICATE :
PIN 1 1
R 3 4 5
o R\ ] | =
0673 —/
arom . 1 l 1 o l | ‘
o3 & 8z 85 22 g 23 83 a8 N g
¢ 83 0 R % s 238 % g £ zg
- - - ST Za
ge
HR300 SERIES CASE
NOMINAL CASE DIMENSIONS IN INCHES (mm)
TOLERANCE £0.005 (20.13)

HR301-2805, 2812 HR302-2812
2815 2815

DESIGNATION PIN NO. PIN NO.
Positive input 1 1
inhibit 2 8
Neg. remote sense

{(301-2805 only) N/A
Output common 4
Positive output 3
Pos. remote sense

(301-2805 only) 6 N/A
Case ground 7 7
Negative output N/A 5
Input comman 10 9.10

All Other Pins — No Connection

CAUTION: Heat from reflow or wave soldering may
damage this converter. Solder pins individually with heat
application NOT exceeding 300°C for 10 seconds per pin.

99317 MARCH 1995

HR300 s a trademark of interpomt Corporation



EG&G Data Sheet -



e e e e e

Ruggedized DC-DC Converters

Mil Performance at Non-Mil Prices

LC810 Series

B Up to 200W, Single, Dual, Triple

B MIL STD 704D Wide Input Ranges
B MIL STD 810 Environments

B NAVMAT Derating

B NAVMAT ESS

W Custom Inputs & Outputs Available

B Pin-for-Pin Compatible with EG&G Full MIL
Converters

B Fixed Frequency/Parallelable/Synchronous
Operation

M Baseplate Temperature Range of
-45°C - +85°C

B On/Off Control

. EG=G POWER SYSTEMS, INC.

1330 E. Cypress St., Covina, CA 91724-2198
(818) 967-9521 FAX (818) 967-3151




EG&G Power Systems’
DC-DC Converters, available in
1, 2 and 3 output configurations,
offer military electronics design-
ers outstanding flexibility in DC
power distribution. The convert-
ers are small and lightweight,

facilitating decentralized packag-

ing. They can be PC-Board
mounted near the load or in-
stalled in a centrally located,
muitiple output power supply.
Their high-efficiency operation
conserves power and simplifies
thermal design, while delivering
tightly regulated DC power un-
der dynamic line and load condi-
tions. Additional tailoring can be
achieved through N+1 redun-
dancy, paralleling and external
synchronization. Consult one of
our engineers in the Business
Development Department for
specification details applicable
to your specific requirements.
Tel: (818) 967-9521

ACTUAL }
SIZE

High Density
Power Converter (HDPC-2)

Military DC-DC Converter
125W (NOMINAL) AND UP TO 30 W/CU. IN. @ 85° C BASEPLATE

1,2, & 3 Output Models

Standard Military DC Inputs: 28 VDC and 270 VDC
Typical DC Outputs: 5 VDC to 40 VvDC

FEATURES

® High reliability W EMI Filter (Additional filtering
® High efficiency required for full MIL-STD 461
B Fixed frequency switching compliance)

Workmanship, Environments 8 MTBF @ 100W single output
® Remote sense (Main output) cgnflguratlon

0 : - 315,000 hour MTBF +65° C

® 5% Voltage adjust i baseplate (Naval sheltered)
@ External sync capability - 82,000 hour MTBF +65° C
® Remote ON/OFF baseplate (Airborne,
® Parallelable uninhabited, fighter)
& Full-Mil components - 175,000 hour MTBF +65° C
®m Nuclear hardened baseplate (Ground, mobile)
B NAVMAT (Derating) - 2,589,000 hour MTBF +25° C
m NAVMAT ESS baseplase (Ground, benign)

2 EGeG

® Custom inputs and outputs
available

POWER SYSTEMS, INC.
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JC050-Series Power Modules:
18 Vdc to 36 Vdc Input; 50 W

R k. e I & S T A N P S, IR

Features

= Small size: 2.40 in. x 2.28 in. x 0.50 in.
= High power density (37 W/in.3)
= High efficiency: 84% typical

Low output noise

Constant frequency

Industry-standard pinout
Metal baseplate

2:1 input voltage range

» Remote sense
s Remote on/oft
Adjustable output voltage: 60% to 110% of Vo. nom

» Case ground pin

The JC050-Series Power Modules use advanced, surface- optlons
mount technology and deliver high-quality, efficient, and ) ) _
compact de-dc conversion. = Choice of on/off configuration

s Heat sink available for extended operation

Applications

» Distributed power architectures
a Workstations

a EDP equipment

a Telecommunications

Description

The JCO50-Series Power Modules are dc-dc converters that operate over an input voltage range of 18 Vdc to
36 Vdc and provide precisely regulated dc outputs. The outputs are fully isolated from the inputs, allowing ver-
satile polarity configurations and grounding connections. The modules have maximum power ratings of 100 W

at a typical full-load efficiency of 84%.

The sealed modules offer a metal baseplate for excellent thermal performance. Threaded-through holes are
provided to allow easy mounting or addition of a heat sink for high-temperature applications.

The standard feature set includes remote sensing, output trim, and remote on/off for convenient tHexibility in
distributed power applications.



JC050-Series Power Modules: 18 Vdc to 36 Vdc Input; 50 W

Absolute Maximum Ratings

Stresses in excess of the Absolute Maximum Ratings can cause permanent damage to the device. These are
absolute stress ratings only. Functional operation of the device is not implied at these or any other conditions in

excess of those given in the operations sections of the data sheet. Ex

extended periods can adversely affect device reliability.

posure to Absolute Maximum Ratings for

Parameter Symbol Min Max Unit
Input Voltage Continuous Vi — 50 \
I/O Isolation Voltage - — 500 Vdc
Operating Case Temperature Tc ~40 100 °C
Storage Temperature Tstg -40 110 °C

Electrical Specifications

Unless otherwise indicated, specifications apply over ali operating input voltage, resistive load, and temperature

conditions.

Table 1. Input Specifications

Parameter Symbol Min Typ Max Unit

Operating Input Voltage Vi 18 28 36 Vdc
Maximum input Current i, max — - 6.0 A

(Vi=0V1to 36V, lo = lo, max)
Inrush Transient i°t — — 2.0 AZs
Input Reflected-ripple Current, Peak-to-peak — — — 150 mA p-p

(5 Hz to 20 MHz, 12 uH source impedance;

Tc = 25 °C; see Figure 1 and Design

Considerations section.)
Input Ripple Rejection (120 Hz) — — 60 —_— dB

Fusing Considerations

CAUTION: This power module is not internally fused. An input line fuse must always be used.

This encapsulated power module can be used in a wide variety of applications, ranging from simple stand-alone
operation to an integrated part of a sophisticated power architecture. To preserve maximum flexibility, internal fus-
ing is not included; however, to achieve maximum safety and system protection, always use an input line fuse. To
aid in the proper fuse selection for the given application, information on inrush and maximum dc input current is
- provided. Refer to the fuse manufacturer's data for further information.




JC050-Series Power Modules: 18 Vdc to 36 Vdc Input; 50 W

Electrical Specifications (continued)

Table 2. Output Specifications

Parameter Device Symbol Min Typ Max Unit
Output Voltage JCO50A Vo 4.85 — 5.15 Vdc
(Over all operating input voltage, JC050B Vo 11.64 — 12.36 Vdc
resistive load, and temperature JC050C Vo 14.55 — 15.45 Vdc
conditions until end of life.) JCO50F Vo 3.20 — 3.40 Vdc
Output Voltage Set Point JCO50A Vo, set 4.92 5.0 5.08 Vdc
(Vi=28V; lo=lo max; Tc = 25 °C) JC050B Vo, set 11.82 12.0 12.18 Vdc
JC050C Vo, set 14.77 15.0 15.23 Vdc
JCO50F Vo, set 3.25 3.3 3.35 Vdc
Output Reguiation:
Line (Vi=18 Vto 36 V) all — — 0.01 0.1 %
Load (lo = lo, min to lo, max) all — - 0.05 0.2 %
Temperature JCO50A, F — — 15 50 mV
(Tc =-40°C to +100 °C) JCO50B, C — — 50 150 mv
Output Ripple and Noise
(See Figure 2.): .
RMS JCO50A, F — — — 40 mV rms
JCO050B — — — 50 mV rms
JC050C — — — 60 mV rms
Peak-to-peak (5 Hz to 20 MHz) JCO50A, F —_ —_ — 150 mV p-p
JC050B - — — 200 mV p-p
JC050C — —_ — 250 mV p-p
Output Current JCO50A, F lo 0.5 — 10 A
(Atlo < lo. min, the modules may JC050B lo 0.3 — 4.2 A
exceed output ripple specifications.) JCO050C lo 0.3 —_ 3.3 A
Output Current-limit Inception: JCOS50A, F — — 12 — A
Vo = 90% of Vo, nom JC050B -_ -_ 55 —_— A
JCO050C — — 4.0 — A
Output Short-circuit Current JCO50A, F — — TBD — A
(Vo =250 mV) JC050B — — TBD — A
JC050C — — TBD — A
Efficiency (Vi = 28 V; 1o = lo, max; JCO50F n 77 79 — %
Tc =70 °C; see Figure 3.) JCO50A n 80 82 —_ %
JCO0508B, C n 82 84 — %
Dynamic Response
(Alo/At=1A/10pus, VI=28 YV,
Tc =25 °C):
Load Change from lo = 50% to 75%
of lo, max:
Peak Deviation all — — 2 — %V0, set
Settiing Time (Vo < 10% of peak all — — 0.3 — ms
deviation)
Load Change from lo = 50% to 25%
of 1o, max:
Peak Deviation all — - 2 — %Vo, set
Settling Time (Vo < 10% of peak all — — 0.3 — ms
deviation)




JCO050-Series Power Modules: 18 Vdc to 36 Vdc Input; 50 W

Electrical Specifications (continued)

" Table 3. Isotation Specifications

Parameter Min - Typ Max Unit
Isolation Capacitance — 2500 — pF
Isolation Resistance 10 — — MQ

General Specifications

Parameter Min | Typ |  Max Unit
Calculated MTBF (lo = 80% of o, max; Tc = 40 °C) 2,600,000 hours
Weight — | — | 35(100) 0z. (g)

Feature Specifications

Unless otherwise indicated, specifications apply over all operating input voltage, resistive load, and temperature
conditions. See Feature Descriptions and Design Considerations for further information.

Parameter Device | Symbol | Min Typ Max Unit
Remote On/Off '
(Vi=18 V to 36 V; open collector or equivalent
compatible; signal referenced to Vi(-) terminal.
See Figure 8 and Feature Descriptions.):
— Module Specifications:
On/Off Current—Logic Low all lonvott — — 1.0 mA
On/Oft Voltage: -
Logic Low all Vonvott 0 — 1.2 Y
Logic High (lovott = 0) all Vonvott — —_ 15 \
Open Collector Switch Specifications: ’
Leakage Current During Logic High all lorvott — - 50 nA
(Vorvott = 10 V)
Output Low Voltage During Logic Low all Vonvofi — — 1.2 Vv
(lonsott = 1 mA)
Turn-on Time (@ 80% of lo. max; Tc = 25 °C; all — — 20 — ms
Vo within +1% of steady state)
Output Voltage Sense Range all — 0.5 — — \
Output Voltage Set Point Adjustment Range all — 60 — 110 | %Vo, nom
(See Feature Descriptions.)
Output Overvoltage Clamp JCO50A | Vo,clamp | 5.6 — 7.0 Vv
JCO50B | Vo.camp | 13.5 —_ 16.0 v
JCO050C Vo,ctamp | 17.0 — 20.0 Vv
JCO50F Vo, clamp 4.0 — 5.0 \)
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JC050-Series Power Modules: 18 Vdc to 36 Vdc Input; 50 W

Test Configurations

TO OSCILLOSCOPE

L
~ N — Vi(+)
12 pH
Cs220 yF
BATTERY = IMPEDANCE < 0.1 33HF
@ 20 °C, 100 kHz
< ® Vi(-)
8-203 (C)

Note: Input reflected-ripple current is measured with a simulated
source impedance of 12 uH. Capacitor Cs offsets possible
battery impedance. Current is measured at the input of the
module.

Figure 1. Input Reflected-Ripple Test Setup

COPPER STRIP

Vo(+) ® » l—o
L S RESISTIVE
T 1.0 yF SCOPE 3 LOAD
Vol-) | @ ‘ &

8513 (C)

Note: Use a 1.0 uF ceramic capacitor. Scope measurement should
be made using a BNC socket. Position the load between 2 in.
and 3 in. from the module.

Figure 2. Peak-to-Peak Output Noise Measurement
Test Setup

SENSE (+) CONTACT AND
DISTRIBUTION LOSSES

—® Vi(+) Vo(+)
— —
] lo
= SUPPLY LOAD
—e Vi(-) Vo(-)
CONTACT I_
RESISTAN
ES CE SENSE (-)

8-749 (C)
Note: All measurements are taken at the module terminals. When
socketing, place Kelvin connections at module terminals to
avoid measurement errors due to socket contact resistance.

_ (IVo(+) - Vo) o
"= (Weroviin) X100

Figure 3. Output Voltage and Efficiency
Measurement Test Setup

Design Considerations

Input Source Impedance

The power module should be connected to a low ac-
impedance input source. Highly inductive source
impedances can affect the stability of the power mod-
ule. For the test configuration in Figure 1, a 33 uF elec-
trolytic capacitor (ESR < 0.7 Q at 100 kHz) mounted
close to the power module helps ensure stability of the
unit. For other highly inductive source impedances,
consult the factory for further application guideiines.



JCO050-Series Power Modules: 18 Vdc to 36 Vdc input; 50 W

Feature Descriptions

Output Overvoltage Clamp

The output overvoltage clamp consists of control cir-
cuitry, which is independent of the primary regulation
loop, that monitors the voltage on the output terminalis.
The control loop of the clamp has a higher voltage set
point than the primary loop (see Feature Specifications
table). In a fault condition, the overvoltage clamp heips
ensure that the output voltage does not exceed

Vo, clamp, max. This provides a redundant voltage-control
that reduces the risk of output overvoltage.

Current Limit

To provide protection in a fault (output overload) condi-
tion, the unit is equipped with internal current-limiting
circuitry and can endure current limiting for an unlim-
ited duration. At the point of current-limit inception, the
unit shifts from voltage control to current control. If the
output voltage is pulled very low during a severe fault,
the current-limit circuit can exhibit either foldback or tai-
lout characteristics (output-current decrease or
increase). The unit operates normally once the output
current is brought back into its specified range.

Output Voitage Trim

Output voltage trim aliows the user to increase or
decrease the output voltage set point of a module. This
is accomplished by connecting an external resistor
between the TRIM pin and either the SENSE(+) or
SENSE(-) pins. With an external resistor between the
TRIM and SENSE(-) pins (Ragj-cown), the output voltage
set point (Vo. aqj) decreases (see Figure 4). The follow-
ing equation determines the required external resistor
value to obtain a percentage output voltage change of
A%.

100

A—O/:—Q) kQ

R ad-down = (

The test results for this configuration are displayed in
Figure 5. This figure applies to all output voltages.

With an external resistor connected between the TRIM
and SENSE(+) pins (Radi-up), the output voltage set
point (Vo. ag)) increases (see Figure 6).

The following equation determines the required exter-
nal resistor value to obtain a percentage output voltage
change of A%.

VO(100+A%) (100 +24%)
1.2250% A%

Rad]-up = ( ) kQ
The test resuits for this configuration are displayed in
Figure 7.

The combination of the output voltage adjustment and
sense range and the output voltage given in the Fea-
ture Specifications table cannot exceed 110% of the
nominal output voltage between the Vo(+) and Vo(-)
terminals.

o Vi(+) Vo(+)

o ON/OFF  SENSE(+) o

o CASE TRIM ©f 3 RLoAD
% Rady-down
o Vi-) SENSE(-)

\d

Vo(-)

B-748 (C)

Figure 4. Circuit Configuration to Decrease Output

Voltage

106 3 E
w i : :
R L N OO L SO
< = ! : :
> = :
x o :
@] !
- - :
%] :
2 WE :
@ = .
[ = .
-4 - ‘
w | :
2 :
'J) 109 = v
2 E i
35 = :
Q - H
< - :

12 1 x L

0 10 20 30 40

% CHANGE IN OUTPUT VOLTAGE (A)

8-879 (C)
Figure 5. Resistor Selection for Decreased Output
Voltage

-

”



JCO050-Series Power Modules: 18 Vdc to 36 Vde Input; 50 W

Feature Descriptions (continued)

Output Voltage Trim (continued)

o Vi(+) Vo(+)
o ON/OFF SENSE(+) o
§ Ragrup L
o CASE TRIM o 3 RLoAD
o V{-) SENSE(-)
Vo) o

8-715(C)

Figure 6. Circuit Configuration to Increase Output

Voltage

107 : :
5 .
] = . :
- i .
< : ;
> 16k : :
o = : :
[®) - : :
- [ H ’
» - : :
@ B : :
w : :
@ - .
=~ ; .
w 106k ; :
= = : :
- - ' .
w - . '
ot [ : i
3 : .
a B :
< - ; ;

100 i i i i

0 2 4 6 8 10

% CHANGE IN OUTPUT VOLTAGE (a)
8880 (C)
Figure 7. Resistor Selection for Increased Output
Voitage

Remote On/Off

Two remote on/off options are available. Positive logic
remote on/off turns the module on during a logic high
voltage on the remote on/off pin, and off during a logic
low. Negative logic remote on/off turns the module off
during a logic high and on during a logic low. Negative
logic (code suffix of 1) is the factory-preferred configu-
ration.

To turn the power module on and off, the user must

‘supply a switch to control the voltage between the on/

off terminal and the Vi(-) terminal (Vorvott). The switch
can be an open collector or equivalent (see Figure 8). A
logic low is Vorott = 0 V to 1.2 V. The maximum lorofi
during a logic low is 1 mA. The switch should maintain
a logic low voltage while sinking 1 mA.

During a logic high, the maximum Vorvoff generated by
the power module is 15 V. The maximum allowable
leakage current of the switch at Vonott = 15 V is 50 LA,

L —tew
@ Vi(-)
- SENSE(+) ®
/\//\/4 Von/oft
. Vol+) @ 3
REMOTE Vol-) - $LOAD
| ONiOFF
SENSE(-) @
CASE
i 8-758 (C)

Figure 8. Remote On/Off Implementation
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JCO050-Series Power Modules: 18 Vdc to 36 Vdc Input; 50 W

Outline Diagram

Dimensions are in inches and (millimeters).

Copper paths must not be routed beneath the power module standoffs.

Tolerances: x.xx in. + 0.02 in. (0.5 mm), x.xxx in. + 0.010 in. (0.25 mm)

Top View

Side View

Bottom View

,4—— 2.28 (57.9) MAX——'

4 N
PIN 1 (+INPUT)_}T FO o
IDENTIFICATION
MARK
2.40
(61.0)
MAX
o) o
. J

i

0.500 (12.70)

( |

? 0.20 (5.1) MIN

—

[le— 0.040 (102) OIA

SOLDER-PLATED

0.081 (2.06) DIA

”/ SOLDER-PLATED BRASS

2 PLCS (-OUTPUT AND

BRASS 7 PLCS +OUTPUT)
MOUNTING INSERTS
.50 (12.
Y 00 027) M3 x 0.5 THROUGH
0.20(5.1) b (. o O?‘ 4 PLCS
-INPUT =OUTPUTY | 0.400

0.400
(10.16)
2.00 1. ‘r_
(50.8) | (25.40)

1.400
(35.56)

o CASE
(OPTIONAL)

SENS (10416) (?}gg) Ioa
~SENSE 0 — )
R

0.19
4.8)

[———1.90 (48.3)————|

TRIM o — (25.40)
REMOTE 1.400
~° ONOFF +SENSE o (35.56)
—a +INPUT +OUTPUT
‘ 1.900
o (48.26)
? y,

8-881 (C)



JC050-Series Power Modules: 18 Vdc to 36 Vdc Input; 50 W

Recommended Hole Pattern

Component-side footprint.

Dimensions are in inches and (millimeters).

2.28 (57.9) MAX
0.19
<4.e>‘l A — ’

[] \
Y 1.900 2
Lo (48.26) 90—t
1 : 1
1.400 ' 8 1.400
(35.56) e 2 °— (35.56)
] ]
! 7o 1.000
200 | 1.000 !
H (25.40)
(508) | (25.40) LLJ 6ol ¥ 0700 2.40
0.400 : :0.400 (17.78) (61.0)
(10.16) ; 4 5 1010.16)  J MAX
[ ro4
0.20 (5.10) y ° o\.\
' 0.50 (12.7) \ MOUNTING INSERTS
MODULE OUTLINE

8-881 (C)
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- DISPLAY MODULE DATA SHEETS
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Application
This technical literature applies to color TFT-LCD module. LQ1QDX01.

Overview

This module is a color active matrix LCD module incorporating amorphous
silicon TFT (Thin Film Transistor). It is composed of a color TFT-LCD
panel.driver ICs,control circuit and power supply circuit and a
backlight unit.Graphics and texts can be displayed on a 1024x768 pixel
panel in 512 colors by supplying 9 bitx2 parallel data signals. three
kinds of timing signals,+5Y and +12V DC supply voltages for TFT-LCD
panel driving and supply voltage for backlight. Optimum viewing
direction is 6 o'clock.

Backlight-driving DC/AC inverter is not built in this module.

Mechanical Specifications

Parameter Specifications Unit
Screen size 10.4 (Diagonal) inch
Effective display area 212.0(H) x 159.0(V) mm
Display pixels 1024 (H) x 768(Y) pixel

(1 pixel =R+ G+ B dots)
Pixel pitch 0.207(H)x 0.207(V) mm
Pixel configuration R.G.B vertical stripe
Display mode ; Normally white
Qutline dimension *1 283(W)>x 215.6(H)x 12.5(D) mm
Weight 850420 g
Surface treatment anti-glare and hard-coating 2H

*] NOTE: excluding backlight cables.

Qutline dimensions is shown in Fig.1.
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4. Input Terminals and function
4-1) TFT-LCD panel driving

CN1 (Data signals)
Used connector:DF9B-21P-1V(Hirose Electoric Co..Ltd)

Corresponding connector:DF9B-21S-1V(Hirose Electoric Co..Ltd)

r;In No. Symbol Function

] GND

? ROO Red data signal of the odd pixels (LSB)

3 RO Red data signal of the odd pixels

4 R0O2 | Red data signal of the odd pixels ?ﬁgéa

5 RI10 | Red data signal of the even pixels (LSB)
b RIV Red data signal of the even pixg{;—hn

7 R12 Red data signal of the even pixel;"EﬁSB)
8 GND

9 GO0 | Green data signal of the odd pixels (LSB)
10 GOl Green data signal of the odd pixels

11 Go2 Green data signal of the odd pixels (MSB)
12 G10 | Green data signal of the even pixels (LSB)
13 Gl Green data signal of the even pixels

14 G12 Green data signal of the even pixels (MSB)
15 GND
16 BOO Blue data signal of the odd pixels (LSB)
17 BO1 Blue data signgl of the odd pixels

18 BO?2 Blue data signal of the odd pixels (MSB)
19 B10 | Blue data signal of the even pixels (LSB)
20 Bl Blue data signal of the even pixels

21 B12 Biue data signal of the even pixels (MSB)
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CN2 (Power supply & signals)
Used connector:DF9B-15P-1Y(Hirose Electoric Co..Ltd)

Corresponding connector:DF9B-158-i1V(Hirose Electoric Co..Ltd)

! Pin No. Symbol Functien
1| GND
2 CK Clock signal for sampling each data signal
3 GND

Hsync | Horizontal sync. signal (negative)

GND

Vsync | Vertical sync. signal (negative)

TEST?2 | This shall be electrically opened during operation

TEST3 | This shalL be conected to Vcc

4
5

6

7 TESTI! | This shall be electrically opened during operation
8

9

0

Ydd +12V power supply

11 vdd +12V power supply
12 vdd +12V power supply
13 Vcc +5V power supply
14 Vce +5V power supply
15 Vce +5V power supply

3#¢The shielding case is connected with signal GND.

4-7) Backlight
Used connector:QZ-19-3F01(HONDA TSUSHIN KOGYO CO..LTD)

CNA,CNB Corresponding connector:QZ-19-3MYL(HONDA TSUSHIN KOGYQ CO.,LTD)

Pin NO. Symbol | Function

| Viuien | Power supply for lamp (High voltage side)

2 NC
] Viow Power supply for lamp (Low voltage side)

*Cable lergth: CNA&CNB 50%'3mm
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Absolute Maximum Ratings
Parameter | Symboli Condition Ratings | Unit | ﬁgﬁarkgj

Input voltage V, | Ta=25C | —0.3 ~ Vcc+0.3; V |[Notel]
+5¥ supply voltage Vee Ta=25C | - 0.3 ~ +1 V

L+IS'J supply voltage vdd Ta=25¢ -0.3 ~ + 14 [
Storage temperature Tstg - - 25 ~ +60 C {Note2]
Operating temperature Topa - 0 ~ +50 C

(Ambient temp.)

[ Notel] CK.Hsync.Vsync,

R00~R02.G00~GOZ.BOO~BO?.RIO~R12.GIO~G!2.BTB~BI2

[Note?)] Relative humidity 95%ZRH Max. (at Tas40()
Maximum wet-bulb temperature 39C or less. (at Ta>40¢)

No condensation.

6. Electrical Characteristics
6-1. Electrical Characteristics & current dissipation
6-1-3) TFT-LCD panel driving Ta=25TC
Parameter Symboll Hin. Typ. Max. Unit Remark
+5Y Supply voltage Vcce +4.5 +5.0 +5.5 V
Current dissipation Icc - TBD TBD m A
+12V | Supply voltage vdd +10.8 | +12.0 +13.2 V
Current dissipation Idd - TBD TBD m A
Input voltage (Low) Vi - — 1.9 Vv Vecc=4+5Y
Input voltage (High) Vin +3.5 - - V
Input low current Ioc - - 1.0 A V=0V
Input high current fon - - 1.0 u A Yi=Vce
6-1-b) Backlight

The backlight system is an edge lighting type. (a couple of CCFT)
The characteristics of single lamp are shown in the following table.

Ta=257C
Farameter Symboll Min. Typ. Max. Unit Remark

Lamp voltage Vi - 455 - Vrmg Just for reference
Lamp current Iy 6.5 1.0 1.5 mArmsg
Lamp power consumption P. - 3.2 - Y [Note 1]
Frequency Fo 20 - 60| KH: | [ Note 2]
Kick-off voltage Vs - — | 1000 Vrms | Ta=25¢

- — | 1200 ! Yrms | Ta=0¢
Lamp life time T. | TBD| 10000 - | hour | [Note 3]

[ Note 1]
[Hote 2]

Calculated values for reference.(I.xV.)
Lamp frequency may produce interference with horizontal sync.

frequency.and interference may cause beat on the display.
Therefore lamp frequency shall be as different as possibile
from that of horizontal sync. signal to avoid interference.

[Note 1]

condition.(I.,=7.0mArms)

Brightness becomes 50% of the original value under standard




6-2.

Timing Characteristics of input signals
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Parameter Symbol | Hin. Typ. Hax. Unit Remark
Clock Frequency 1/Te -~ -~ 28. 4 MHz [Note 1]
High time Tch 5 - - ns
Low time Tel 10 - - ns
Data Setup time Tds 0 - - ns
Hold time Tdh 10 - - ns
Horizontal Cycle TH 19.0 - - ps
sync. signal 516 - - clock
Pulse width THp 4 - 32 clock
CK-Hsync. phase differencqd THC 0 - Tc-10 ns
Vertical Cycle v - - 17.0 ms
sync. signal 112 T2 = | 1tne
| Pulse width| Tvp | & 8 | 1ee |
H-Vsync. phase difference TVH 0 100 ns
_iNote 1] Two plixel-data are saﬁ;ied at a time.
Input signal waveforms are shown in Flg.2.
6-3. Display period
Items Standards Beginning Ending Unit |[Remark
Horizontal |falling edge of Hsync. | 5186 clock
Vertical falling edge of Vsync. 4 772 line

b-4.Input Signals and Display on the screen

b
(odd) (even) * Ty, pixel-data are sampled at a time.

a.D | a.n
rofco[so|ifei[s1]  « odd:Ro0-r02. Goo-co2. Bo0-802
v even:R10-R1Z, 610+G12, B10~B12
R
Jrr ]2 s | [1-1024
31

768-l|

[RS8

| A'/i"

Display position of input data (V - H)

1681024
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7. Optical Characteristics
Ta=25(,Vecc=+5.0V,Vdd=+12.0V
Parameter Symbol | Condition| Min. | Typ. | Max. | Uniqy Remark
Viewing Horizontall 4 21.23 CR> 10 45 - - Deg.| [Notel]
angle range | Vertical @11 10 - - Deg.
e 12 30 - - Deg.
Contrast ratio CR 60 - - [Note2])
Response Rise Tr 6 =0° - 30 - ms | [Note3]
time Fall tf - 50 - ms
White uniformity O w - - 1.25 [ Noted4]
Luminance of white Yo - 10 - jed/m?

The measurement shall be executed 15~20 minutes

rating.(I.=7.0mArms)
The optical characteristics are measured in a darkroom or equivalent
state with the method shown in Fig.3. And these characteristics except

for White uniformity are measured at the center of the screen.

Photodetector (BM-7:TOPCON) N (Y’

TFT-LCD module

N

Field=2° |

|
|
H

wm(Qy

LCD panel

1l
i

Center of the screen
Fig. 3 Optical characteristics measurement method

after lighting at
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6-4. Input Signals, Basic Display Colors and Gray Scale of Each Color

{color & Data signal

gray odd | ROO ROV ROZ | GOO GO'! GO2 | BOO BO' BO2

scale | evenq RI0O RI1I R12| G10 Gi1 G12| B1D B1!l B12
Black 0 0 0 0 0 0 0
Blue

0: Low level
voltage

1: High level
voltage

(]

Green
Light blue
Red
Purple
Yellow
White
Black

1§
Darker

s

3
Brighter

4

Red

Black

0

0

0

1

1

1

|

0

]

0
T
0

1

0

]

0
i 0
Darker 0
0

0

0

0

0

0

0

0

0

0

0

0

Basic color

Ol =l =] O] —

l

-

Gray Scale of Red

s
4
Brighter
3
Green
‘Black
llj
Darker
1}
4
Brighter
|

v

Gray Scale of Green

0 0
1 ]
1 1
0 0
0 0
1 |
| |
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
1 0
1 0
0 |
0 1
1 1
i 1
0 0
0 0
0o 0
0 0
0 0
0 0
0 0

0
0
0
1
|
!
1
0
0
0
0
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 |
0 0
0 ]
1 0
1 1
1 0
] ]
0 0
0 0
1 0
| 0
0 0
0 0
| 0
] 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 |
0 0
0 1
0 0
0 ]
0 0
|

1
0
1
0
}
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
|
|

COOOOQOO—-O—-O—-O—-OOOOOO'OOO—‘—OO—-—OO

————-OQOOQOOOOOOOOOOOCIOIDO—-

Gray Scale of Blue

Blue 0 0 0 0 0
Each color is displayed in 8 gray scales from 3 bit data signals input.

According to the combination of total 9 bit data. 512 colors are

displayed.



[Notel) Definitions of viewing angle:

Normal line

022 au
l1g L& 021

St

6 o clock direction

[ Note?) Definitions of Contrast Ratio:
The contrast ratio is defined as follows.

LD4Z56-8

Luminance (brightness) with all pixels white

Contrast Ratio= [uminance (brightness) with all pixels black

[ Note3l)] Definitions of Response Time:

The response time shall be measured as the following figure by

switching the input signals for "black” ON and OFF.

E§1; white black white
‘; -2 10006 \
o= 90%—
o g
-y
Q =
L e
-y
Qo
2=
R
=]
=
(-9
10%—
0% = =
Time




9.

[ Noted]

Definition of White uniformity:

- The white unifomity is

ma

defined as the following
equation among the values

measured at the § spots(A-~E).

ximum luminance (brightness)

mi

Display

nimum luminance (brightness)

quality

N SO (é&) ........... ; .......... ‘lé) .......... 1992
I ST g .......... (E;) ........... ; ............. 384
: “ﬁ ...... (E{) ........... ; .......... (ii) .......... 576

LD4Z56-9

pixel

pixel 256 512 768

The display quality of this module shall be in compliance with the
Delivery Inspection Standard.

Handling Precautions

9-1) Be sure to insert the cable into the connector or take out of the
connector after turning off the power supply on the set side.

9-2) Power ON/OFF sequential timing
To prevent the latch-up of the circuit in the module, keep the
sequential timing between the input signals and supply voltage as

follows.
ON OFF
+12Y
T1 T4
+5Y
A 12 3
Input signals /
0=Tl=s1sec, 0=T2< Isec 0=T3sl1sec. 0sT4=1sec
9-3) Others

a) When installing the module, be sure to fix the module on the same
plane.taking care not to warp or twist the module.
b) Since the front polarizer is easily damaged, pay attention not to

scratch it.
c) Wipe off water drop immediately.

discoloration or spots.
d) When the panel surface is soiled, wipe it with absorbent cotton or

other soft cloth.

Long contact with water may cause
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e) Since the glass is used in the module. it may break or crack if
dropped or bumped on hard surface. Handle with care.
f) Since CHOS LSI is used in this module., take care of static
electricity and ground your body when handling.
g) Observe all other precautionary requirements in handling components.

Packing form

10,
a) Piling number of cartons: MAX. 6
b) Package quantity in one carton: HAX. 10
¢) Carton size: 420mm(W)x330mm(H)x400mm(D)
d) Total weight of ! carton filled with full modules:12000g
Packing form is shown in Fig.4.
11, Relijability test items
No. Test item Conditions
1 | High temperature storage test Ta=60T 240h
2 | Low temperature storage test Ta=-25¢ 240h T
3 | High temperature & high Ta=40(:95%RH  240h -
humidity operation test {No condensation)
4 | High temperature operation test Ta=50T 240h
(The pane! temp must be less than 60()
5 | Low temperature operation test | Ta=0¢ 240H
6 | Vibration test Frequency:10~57Hz
(non-operating) Vibration width(one side):0.075mm
Frequency:58~500Hz
Gravity:9.8m/s?
Sweep time: 11 min.
Test period: 3 h
() hour for each direction of X.Y.Z)
7 | Shock test Max. gravity: 490m/s?
(non-operating) Pulse width: tims. sine wave
Direction: #X.+Y,*Z
once for each direction.’

12,

[Result Evaluation Criteria)

Under the display quality test conditions with normal operation state,
these shall be no change which may affect practical display function.

Others

1) Lot No. Label: TBD

2) Adjusting volumes have been set optimally before shipment. so do not
change any adjusted values. If adjusted values are changed, the data
mentioned in this technical literature may not be satisfied.

3) Disassembling the module can cause permanent damage and should be

strictly avoided.
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FINAL REPORT- September 25, 1995

Additional Display Information

- Fujitsu 21”” Plasma Panel

The Fujitsu 21” Plasma Panel is the world’s largest full color plasma display in
production. It features 260,000 colors with 64 graduations of RGB with a 640 x 480
pixel format on a 21-inch diagonal screen.

There is tremendous potential in the future of plasma displays. The introduction of a 30”
and 42 color plasma panel is expected to be available sometime in 1996 for prototypes,
with production units available in 1997. It is expected that these first large panels will be
Wide Definition Television (WDTV) compatible. Fujitsu is working on a 25” panel that
will be SVGA compatible, however, these panels are not expected to be in production
until Quarter 4 in 1998.

NEC 13” LCD Display

The NEC 13” display is an active matrix LCD comprised of amorphous-Silicon thin film
transistors placed on each pixel electrode, a driving circuit and a built-in back light. The
panel was unavailable for evaluation, in time for this project. Below is a summary of the
NEC display characteristics:

* Diagonal screen size 13 inch

* External WxHxD dimensions (mm) 310 x 255 x 43

« Effective viewing arca (mm) 211.2x 1584

* No. of pixels ) 1280 x 1024

* Pixel pitch (mm) (.201 (horz) x 0.201 (vert)
* No. of colors 4,096

* Contrast Ratio 1:80

* Weight (g) approx. 2,100

Additional features include:
* High resolution display and wide range of display colors
* Wide viewing angle with high contrast
* High speed response
* Low power consumption (27 W Typical)
* Thin and light weight
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.. Abstract

[

3 ey
- -

&

tn 0

The NEC NL128102AC20-03 ig an active matrix color-

b
3

Crysctal Display module comprising amorphous-Silicon thip

-

transistors (TFTs) placed on each Pixel electrode, a darivin

[Ye]

circult and a built-in back light.

It has a display area of 257.3(H)x205.8(V)mm (diagonal
13 ~inch) 1280x1024 pixels, and 4096~colors display

capability.

2. Features

. High resolution and wide range of display colors
. Wide viewing angle with high contrast

. -High speed response

. Easy interface connection

. Low power consumption

. Thin and light weight

3. Application for example

. Work station moniter display

. Terminal-display for control system
. Operation board of NC-machine

. Monitor of process control system



5. 2lock cilagram of the LCD-module

YO—~Y7.COX
CK.SP,LP,RES
RAo, GAo, BAo,
RAO0~3 — | RAe, GAe, BAe
GA0~3 — — Source Driver
CLX f S 1920
Hsyne T g
¥Ysync o - 1024 LCD panel
. <
>
L = K:1280X3(R.C.8B)
< ¥:1024
“S YGON — &
S = YCOF — & H 1920
3 vee—q = T
RB0~3 — 9_ RBo, GBo, BBo, -
GB0~3 — S : Source Driver
BB0~3 — S RBe, GBe, BBe
COX CX. SP,LP,RES
YD02 —
BRTH —— *Qj Yyob —m LCD Y8~VY15,COX
BRIL — = P/S
BRTC —— % -
Bou0 — & Back light
— YGOX
Y001 pc/0C —— YOD
—— YCOF
YCC yce
GND QD




Display area

Drive system
Display colors
Number of Pixels
Pixel arrangement
Pixel pitch

Size

Weight

Contrast ratio

<. Qutline ¢f characteristics (a- roonm temperature)

Spec:fica=:on

257.3(H) «x
inch)

205.8(V) mm (diagonal

e=Si TFT.active matrix system
4096 Colors
1280 x 1024

RGB Vertical stripe
0.201(H) x 0.201(V) mm
310(H) x 255:5{V) x 43.MAX(D) mm
2100g (Max)

80:1

Viewing angle (within contrast ratioc of more than 5:1)

Coclor gamut
Response time
Luminance:

Signal system

Supply voltage

Back light

Power consumption

Vertical : 10° (up), 30° (down)
40% above (center to NTSC)

less than SO0mm sec.

70 cd/m2

RGB 4 bit signals each

synchronous signals (H-sync, V-sync
29, 12, 5V

Fluorescent lamps (Cold cathode)

inverter

279 (Typ.)

Horizontal: 40° (Left side, Right side)

clock,

)

with



6. Specificat:on

(1) General spec:ification

B Subject | Specification | Unz
Unit size  |310£1(H)x255.5£1(V)x43(D) (Max) | mm
Display area'257.3(H) x 205.8(V), (diagonal: 13') f mm
Pixel No.  [1280(x3)(H) x 1024(V) | |
Dot pitch  [0.067(H) x 0.201(V) | mm |
Pixel pitch [0.201(H) x 0.201(V) | mm
Pixel R.G.B vertical stripe ,
arrangement
Color | 4096 | cotor
Weight | 2100 (Max) | g
* The inverter is prepared internal module set.
Dimming potentiometers are extra. (1KQ)
(2) Absolute rating
Subject Symble .Rating Unit Note
Min Max
Supply voltage VDDl -0.3 28 v Ta=25°C
vDD2 | -0.3 13 v
vee. | -0.3 7 v
Logic input L VIL -0.3 - v
level H VIE - Vee+0.3 v
Storage temp. TST =20 60 °C
Operating temp. TOP 0 50 °C |Surface of
LCD-panel
Humidity - 95 $RH Ta=40°C
= | &5 | aru | Tassosc |
] 85 AR | TTacsoed |




-~
(W)

Electrical cnaracreristics

Logic/LCD Opberacion

j Subject | Symble | Min | Typ | Max | Unit | note ;
| Supply Voltage Lvom | 22.8 ‘ 2¢.0 | 25.2 | v | Ta=2sec
/ | vee [ 4.7s | 5.0 |s.25 | v j
Logic input fLJ’ VIL | 0 - 0.8 ’ v Ta=25°C ,’
level /H, VI | 2.0 - vee | W TTL level |
Current IDDI - 150 | 170 | ma VDDI=24V |
for
LC-Opera:ion
Icc - 1.0 | 1.2 A Vee=5v ‘
for Logic
. Back light
Subject Symble | Min Typ Max l Unit I note
Supply Voltage vDD2 11.4112.0]12.56 v
Current IDD2 — 1.5 1.7 A VDD2=12V ‘
Power . WL —_ —_ 18.0 W Note 1
Consumption
Note 1l: Total power consumption of unit and inverter
must be less than 22W.
Supply voltage sedquence
Volrage
VoD |
vDD2
TTEEANN
x L,
0§ —orr= —— UL
1or sienal inpur




note

*2

*3

The power source for outer driver should be tne same

as the LCD module power source (VCC).
VDD2 supply voltage should be applied during vDDLl.

In case of lighting before LCD-operation or put out
lighting after LCD-off, the white color appear

momentarily on the screen.

In case of using battery for VDD2, the back light
should be controlled by BRTC (back 1light ON/OFF

signal.).

The sequence is the same as above *2.



T -nceriace and Connectcr-pin arrangemen-

(l}) Clock signal, power Source-connector

CN1l Connector 10268-52D2 [HlO—SéSP—L}
MAde by SUMITOMO 3M

View from Parts Side

[Sé? fsignal] Sé? lsignazl L—S;? signa;] L*Sé? Signal

| 117 | cx 217 sc] 317 sG j | a7, i vor |

116 HOT 216 sG | 3lg SG 416 383 j
115 | BB2 215 SG 315 SG 415 BBl
114 BBO 214 SG 314 SG 4l4 BA3
113 BA2 213 SG 313 e 413 BAl
112 BAD 212 SG 312 SG 412 GB3
111 GB2 211 SG 311 SG 411 GB1
110 GBO 210 sG 310 SG 410 Ga3
109 GA2 209 SG 309 SG 409 GAl
108 GAOD 208 SG 308 SG 408 RB3

ﬁ 107 ' RB2 207 SG 307 SG 407 f RBE1 )
— 1 106 | Bo 206 SG 306 SG 406 RA3
f 105 f RA2 205 SG. 305 SG 405 RAL
| 104 | RAO 204 SG 304 SG 404 BRTC
| 103 | BRTH 203 BG ‘| 303 | BRTL 403 +12V
D102 | +12v 202 BG 302 BG 402 +12v
f 101 | +sv [_201 +5v 301 +5v L;}01 +24V




from cable connector side

View
. Pin .. | Pin . [ Pin | _. | pin ]
LNO’ ;gggnal No ,SLQnal No . rSLgnal ' Ne. }Slgnal!
0l { CLK 18 SG 3s SG 52 Gal |
02 | SG 19 GAO 36 voT 53 I SG
03 ! HOT 20 SG 37 SG 54 RB3
04 SG 21 RB2 38 BB3 55 SG
05 BB2 22 SG 39 SG 56 RB1
06 SG 23 RBO 40 BBl 57 SG
07 BBO 24 SG 41 5G S8 RA3
o8 SG 25 RA2 42 BA3 59 SG
09 BA2 26 SG 43 5G 60 RAl
10 SG 27 RAO 44 BAl 61 SG
11 BAO 28 SG 45 sG 62 BRTC
12 SG 29 BRTH 46 GB3 63 BRTL
13 GB2 30 BG 47 sG 64 *12v
14 SG 31 +12V 48 GBl 65 BG
15 GBO —% 32 49 SG 66 +12V
l6 SG 33 ;SV SO GA3 67 +5V
[ 17 GA2 34 +5v 51 SG L, 68 +24V
Note: Signal
Signal Level Function frequency 1
RA(0~3), RB(0~3) | TTL |Data : RED 26.875 MHz
GA(0~3), GB(0~3) TTL Data : GREEN 26.875 MHz
BA(0~3), BB(0~3) TTL Data : BLUE 26.875 MHz
HOT TTL HSYNC 64.60 KHz
voT TTL VSYNC - 59.929 KHz
CLK TTL CLOCK 53.75 MHz
SG Signal Ground
BG Baék Light Ground
BRTH Potentiometer
BRTL Potentiometer
BRTC TTL Back Light ON/OFF

-9 -



(2) POTENTIOMETER

CN2 Connector: S16B-PEDSS
Made by Nippon attchakuy tanshi

Sé? Signal Function :é? fSignali Functicn i
T BRTC |Resistance 16 SG |GND o

07 BRTE [Resistance 15. | BRTL |[BL ON/OF

06 SG GND 14 SG GND

05 VDDl |24V for 13 VDDl |24V for

LC-Operation LC-operation

04 BG GND for BL 12 BG GND for BL

03 VDD2 12V for BL 11 VDD2 12V for BL

02 SG GND 1o SG GND

0l VCC |5V for Logic 09 VCC |5V for Logic

Note 1 Black ligth should be oN at "High-level" or "Open" of
BRTC.

Note 2 Potentiometer (Resistance : 1KQ #5%),
OQ-position is minimum brightness.
(Potentiometer should be joint between "BRTH" ang "SRTL".)

-— lo -
Thewe 15 4o Aoge /[



8. input signal, display color and luminance gray scale
[Data signal o
i Display (0: Low level High level) !
€OlOT IRA3 RAZ RAL RAO |GA3 GAZ GAI ono [BA3 8A2 Bl BAD |
RS RB2 RBL RBO|GB3 GB2 GBl GBO|BB3 BB2 881 g |
Black 0 0 0 0 0 0 0 0 0 0 C 0
Blue 0 0 0 0 0 0 0 0 1 1 1 1
Red 1 1l 1 1l 0 0 0 0 0 0 0 0
Magenta | 1 1 1 1 0 0 0 0 1l 1 1 1
g Green 0 0 0 0 1 1 1 1 0 0 0 0
c% Cyan 60 o o1 1 1 1]1 1 1 1
Yellow 1 1 1 1 1 1 1 1 0 0 0 0
White 1 1 1 1 1 1 1 1 1 1 1 1
Black | 0 ¢ o0 0|0 0 o0 0]0 o 0 o
s 6 0 o 10 0 0o 0|0 0 o o0
S dark ¢ 0,1 ©o0j0 o0o,0 olo o o o
2| 4 .5 ;'
S | bright 1 1 0 1 0 - 0 0 o] 0 0 0
) 1 1 1 0 0 0 0 0 0 0 0 0
€] Red |1 1 1 100 0o o olo o ¢ 0
Black |0 0 0 0|0 0 0 0|0 0 o o
IS ©o o o0 o]0 o0 o 1]0 o o o
7 dark 0 0 0 0|0 0 1 0|0 0 0o o0
2| s s
< . :
? bright [ 0 0o "0 0|1 1 0 110 o0 o o
8; ¢ 0 o0 0|1 1 1 0|0 0 o o
O Green o] 0 0 0 1 1l 1 1 0 0 0 0
Black 0 0 0 0 0 0 0 0 0 0 0 0
— ¢ 0 o o6 o o oo o o 2
§ dark 0 0 : 0 0 0 0 : 0 0 0 0 1 0
s :' |
S, | bright 0 0 0 0 0 0 0 0 1 1 0 1
g 0 0 0| o0 6 o1 1 1 9
Q| Blue | 0 0o o0fo 0 o0 101 1
<note> The number of color -is 4096 that is according

to

combination with each 4-bit for three base color (R.G.B)

signals.

163=4096.

- 12 -



Interface Timing

\D

|

Parameter i Symble | Timg ; frequency
Clock | Frequency | 1/Tc | 18.60ns | 53.75MHz
Duty Tch/Tc 0.4~0.56 -
L Transient time Terf 2.0ns(MAX) --
‘s*‘i’;;:‘l’“tal sync. Th 15.479us | 64.60kH2
Video period Thd 11.907us ) -
Front porech ThE 0.298us -
Pulse width Thp 1.786us --
Back porch Thb 1.488us --
gi;;.:ﬁ;horizontal (1) Theh | 7.sns(nIny | --
| " : (2) Thes 2.0ns (MIN) -
Delay for vsync Thv -6.0~+6.0ns --
Transient time Thrf 2.5ns(MAX) -
Vertical synec. Signal Tv 16.686ms 59.292Hz
Video period Tvd 15.850ms -—-
Front porch TvE 0.108ms | --
Pulse width Tvp 0.062ms -
Back porch Tvb 0.666ms --
Data Set up Time Tds 2.0ns(MIN) | -
Hold Time Tdh 7.5ns(HIN) -~
Transient time| Tdrf 2.5ns(MAX) --

- 13 -



cnart (/)

Timing

Th

Thp

Hsyne

Tht

Thd

T T Tt e e e e L L - —_—

Ty

Tvp

Vsynce.

Tyt

Tvd
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Timing chart (2)

L IC
Tch
S0 v N 3.5V
CLK 508 Z W\
1ox ! -— 0.0V
Terf
| Tds Tdh
90% — | / 3.5Y
50X
Datd 1o 78— 0.0y
Tdrt
Theh Thes
302 —— 3.5Y
Hsynec 50%
10% 0.0y
Thrt

Vsynec ’

-}

L '
Hsyne __]

- 15 -




.
L

—

!

T NG cnarnt l2)
Vsyne ‘ ! | ! ,
{ + .
! | i
Hsync ‘mr'mr‘u—""m_f"'u*u
I 2 - 47 48
47 | 1024
|
f Pany
RA3~0 RB3~0 : _
GA3~0 GB3~0 INVALID ’ { ,-- --{ f INVALID
BA3~0 BB3~0
0¢0, X)0(1,X) 0(1023.X)
Hsyne | | i {
cLK T AR U
I 2 - 176 177 _
178. 840
[P ~]
) —
RA3~RAQ _
CA3~GAD INYALID " ’ ' c e oo [ I INVALLD
BA3~BAD
D(X.0) D(X,d)« « + « «D(X.1278)
| 0(x.2)
RB3~RB0
£83~GBO (KYALID ] [ ceee } INYALID
BB3~BBO
DCX.1) D(X.5)« « « « D(X.1279)
D(X.3)
0C 0, 0)1DC 0, DID( 0 2)] -+ - - - 10C 0.1279) |
0 . 0ID( L. D |
(2. 0)

D(1023. 0) jpC1023. 1)

D(1023. 2) | = » -

—_f6 -

D(1023.1278)



srternal clrgunng
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General caution for handling

(1)

(2)

(3)

(6)

(8)

Protector against electrostatic discharge :.s necessar-
on handling the LCD-module.
In particular, the brotection sheet on the panel snould

- be removed slowly.

The LCD-panel and the back light tube are composed of
glass, so handle with care.

Don't push the surface of LCD module. Don't give sctrong
mechanical shock.

The polarizer (the protector) surface is very soft. Use
dry soft cloth for cleaning the surface, never use with

chemicals.

The interface connector should ‘be handled (insert/pull)
during power source OFF.

Don't operate the LCD-module in dew drop atmosphere.
Avoid an atmosphere of high temperature/hign humidity
when keeping or opérating the LCD-module.

For keeping the LCD-module good condition, the electric
conductive polyethylene bag should be use.

Don't touch the inverter during operation.

The screw to fix the interface cable should be less than
4mm. The long screw occors some display problems.



13" Color TFT-LCD Module

N E( : For inerature, call toil-free 7 a.m. 10 6 p.m. Pacific time: 1-800-366-6782

) or FAX your request to: 1-800-729-9288
NEC Electronics inc.

CORPORATE HEADQUARTERS
475 Ellis Street

P.0. Box 7241

Mountan View, CA 94039

TEL 415-960-6000
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21 INCH COLOR PLASMA DISPLAY PANEL

Ultra-Thin 21"
Display has
Viewing Angle
of a CRT

Plasma displays have all the
advantages of CRTs—high
brightness, high contrast ratio,
fast response and wide viewing
angles—but they are much thin-
ner and lighter than the bulky
alternative. The Fujitsu color
plasma display panel is sleek
and light enough to be hung on a wall, making it ideally suited for limited-space environments.
With a viewing angle of more than 140 degrees, groups can watch the screen and see a sharp,
clear picture even from the side of the room. The Fujitsu color plasma display panels are ideal
as entertainment monitors, teleprompters, public information kiosks and teleconference displays.

e Winner of two prestigious design awards:
= Voted #1 by EDN Magazine’s engineering readers for product innovation
@ Voted #1 for product development excellence by Electronic Products

Sleek alternative to the bulky CRT
Light and slim enough to hang on a wall

World’s largest color plasma display panel
21 inch diagonal display with 260,000 colors

Wide viewing angle — ideal for groups
Over 140 degrees, allows off-axis viewing without image distortion

Distortion free, flat surface
Extremely clear picture from corer-to-corer

®
An Employee Owned Company
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technology assessment

Flat-Panel-Display Technologies in J apan

An update of JTEC's 1991 report reveals a new bullishness toward
AMLCDs and a clear understanding that CRTs are here to stay.

by Lawrence E. Tannas, Jr.

IN OCTOBER OF 1991 a panel of six experts of global display production is essentially the What's New?

and five observers visited 33 Japanese sites same as was given to the JTEC panel in The present status of the displays industry —
under the auspices of the Japan Technology September of 1991 (Fig. 1). exhibited. for example. at JES '93 and the
Evaluation Center (JTEC).' Their mission: to The figure reflects several fundamental U.S. Consumer Electronics Show - confirm:
report on the extent to which the Japanese had  changes in the electronic displays industry: the JTEC study. What is new and was not
advanced the state of the art in flat-panel dis- * In 1989, FPDs became a multibillion- predictable is the second round of Japan's
plays (FPDs) in general, and in high-informa- doliar industry, with annual growth rates  investment in LCDs: another $2-plus bitlion
tion-content (HIC) liquid-crystal displays between 18 and 35%, thanks to the intro-  over and above the $2-plus-billion figure
(LCDs) in particular > duction of supertwisted-nematic LCDs compiled in the 1990 Nikkei electronic FPD
JTEC subsequently asked me, as one of the (STN-LCDs) for PCs. . study, updated in late 1991 by Tannas Elec-
two co-chairmen of the original JTEC Flat * Because of two developments in the ‘ tronics, and reported by the JTEC Committe.
Panel Display Technology Committee (the 1980s — the STN type of passive-matrix The new investment is for the second gen-
other was William Glenn of Florida Atlantic LCD (PMLCD) and the amorphous-sili-  eration of AMLCD production machinery.
University). to do a follow-up study. This is con (a-Si) thin-film-transistor (TFT) type It comes as a surprise because the JTEC
the report of that study. of AMLCD - LCD flat-pane! technology panel was told there would be no second gen
A recent re-reading of the JTEC Commit- advanced over the last decade to such an eration of AML.CD machinery until the first
tee's original report leaves me with the con- extent that it is now orders of magnitude generation proved the viability of a-Si TFT-
viction that the Committee did a thorough and ahead of all other FPD technologies. In AMLCDs. This viability has now been
accurate job of reviewing Japanese FPD tech- addition, AML.CDs with full-color video proved to the satisfaction of Japanese HIC
nology as it was and seemed to be developing performance were introduced in the early 1 LCD manufacturers.
in late 1991. Attendance at the 1992 and 1993 1990s.
Japan Electronics Shows and recent visits to * The sales of all HIC displays will double Price, Price, and Price
Japanese FPD manufacturers have convinced in 10 years, corresponding to a com- The price differential between CRTs and
me that our predictions of production ramp-up pounded annual growth of 7%. LCDs is immense; 14-in. color CRT televi-
of FPDs in general and active-matrix LCDs * Because of cost differentials, CRTs will sions are available in Asia at OEM unit price
{AMLCDs) in particular were, if anything, on not be replaced by FPDs. of $50° and 10-in. VGA a-Si TFT-AMLCDs
the conservative side. In retrospect. this is * CRT sales will continue to grow,butata  are available at sample prices of about $140(
understandable because the mood in Japan much slower rate than FPDs. and might be available for $1000 in OEM
was also conservative at the time. Nonethe- * By the year 2000, one-half of all HIC quantities. Only the highest-tech market seg

less. K. Odawara's recently updated prediction display sales will be in FPDs. ment can afford and use AMLCDs. Ina
* The share of the FPD market captured by ~ world in which more than half the populatior
AMLCDs and PMLCDs is highly depen-  still does not have television, the continued

Lawrence E. Tannas, Jr.. is a displav-indus- dent on the technical evolution and cost production of CRTs is ensured well into the
1ry consultant and the President of Tannas reduction in these two approaches, as 21st century. (Lower-cost STN-LCDs are st
Llectronics, Orange, California: telephone well as on the end-market demand for more expensive than CRTs, and offer substai
714/633-7874; fax 714/633-4174. He isa consumer products. There will be more tially less performance.)

Fellow and Past President of the Society for sales volume in PMLCDs and more sales The price of a-Si TFT-LCDs has been stuc
Information Display. value in AMLCDs. ied extensively in Japan, and the consensus i
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that a price of ¥50,000 ($500) can be achieved
by 1996. This consensus arises because the
next generation of machinery is expected to
provide a productivity of from 3 to 5 times
that obtained today. AMLCD factory yields
have been significantly improved by many of
the Japanese manufacturers, and several of
them are now saying they are making a profit.

Profitability and yield have never been an
issue with STN-LCDs, which are neither capi-
tal intensive nor technically risky. The antici-
pated price pressure STN-LCDs are expected
to exert on AMLCDs will not occur until the
production capacity of AMLCDs meets the
market demand. which won't occur until more
factories come on line with the next genera-
tion of manufacturing machinery.

Expanding Applications
There has been a continuing debate whether
STN or AMLCD will dominate the HIC FPD
market. But rather than converging on one
dominant technology. market needs are
diverging. which should create long-term
application areas for both technologies. If you
nsist on an estimate of which technology will
" have the largest slice of the pie. Nomura
Research Institute predicts that a-Si TFTs will
have 60% of the HIC FPD market by 1996.

Market applications for all types of LCDs
are expanding, and the difference in perfor-
mance-to-price ratios between a-Si TFTs and
STN-LCDs is becoming more sharply
defined. Super-MIM. active-addressing, and
dual-scan color STNs may find market posi-
tions between a-Si TFT and STN-LCDs
(Fig. 2).

One new product area into which HIC
FPDs are expanding is the color camcorder
viewfinder. This product was just emerging
when the JTEC panel went to Japan in 1991.
Now a major component in production by
Hitachi and Seiko-Epson, among others, it
uses polysilicon (p-Si or poly-Si) TFT-LCDs
with integral driver chips made in-situ (Fig.
3). New products, such as virtual-reality gog-
gles and small projectors, are spinning off this
component.

A new product made possible by Global
Positioning Satellite (GPS) navigation is a
moving-map display for automotive, marine,
and avionic use. This product — with laser-

lisk map storage and player. an LCD display-
ing maps of Tokyo, a GPS signal antenna. and
a processor computing the user's present posi-

Woridwide Base

*Electronic Display: Key Devices i 7
CPT: Color Picture Tube modke ‘ i
4 || forenAdvanced Futus Sodety R | er Dispiay Tube modue \ !
+CRT and LCD play amain role [l || CD: Liquid Crystal Display module . i
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Countesy of K. Odawara, Hitachi, Ltd.

Fig. I: (a) A September 1993 update of the value of historical and projected display produc-
tion, along with significant applications developments. (b) Production volume.
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Fig. 2: Market applications for all tvpes of LCDs are expanding. Super-MIM, active-address-
ing, and dual-scan color STNs may find market positions berween a-Si TFT-LCDs and STN-LCDs.

tion for display on the maps - is now being
sold in the Tokyo electronics district of Aki-
habara for $2000 (Fig. 4).

Thus far, the engineering workstation mar-
ket has not been penetrated by FPDs because
there aren't any FPDs on the market with suf-
ficient size and resolution. But AMLCDs
capable of workstation-level performance
have been demonstrated (see cover) and could
go into production between 1996 and 1999.

An AMLCD of workstation size will pre-
sent the marketplace with an interesting para-
dox and will, for the first time, present a direct
challenge in a market now dominated and sat-
isfactorily served by the CRT. The AMLCD
itself will be much more expensive than the
CRT. but for the first time users will have an
opportunity to replace the bulky CRT with an
FPD and recover valuable desktop space. It
will be interesting to see how much of a pre-
mium the marketplace will pay for this oppor-
tunity.

The price differential between CRTs,
AMLCDs, and PMLCD:s is a major issue.
The different prices buy a different mix of
attributes in each technology (Table 1).
Whether LCDs can penetrate the workstation
market will depend upon a delicate weighing
of these metrics.

The FPD industry is going after HDTV in
several ways:

* a-5i TFT-LCD projectors — Sharp and

Sanyo

* p-Si TFT-LCD projectors - Seiko-Epson
and Sharp

* Direct-view AMLCDs in research — GTC
(Hitachi)®

14 Information Display 2/94

Direct View HDTV Cost and Size '
Engr. Workstations Resolution ‘
Muitimedia PC Color Video \
Portable PC Power/Weight i
Automotive & Avionics Rugged i
Transportation TV Cost/Video !
PDA Power/Weight
Portable TV Rugged Video .
Paim PC Power/Weight '
Picture Telephone Cost ‘
Game Cost/ Rugged ;
HOTV Projectors Resolution |
Helmet Mounted Compact I
TV Projectors Resolution |
Camcorders Cost ) ! :
T LR | 1 T
1 2 3 45 10 14
Diagonal Size in Inches  (log scale)
Prepared by Tannas Electronics :

¢ Direct-view PDPs in research - NHK

and Matsushita

Despite the research activity, there is not
yet an obvious solution to the problem of
making a consumer-priced display for HDTV.

Another important product is the personal
digital assistant (PDA). This product is
emphasizing displays with VGA resolution
but with smaller dimensions than we usually
see in VGA displays. PDAs, along with other
portable and pocketable electronic devices,
are focusing attention on display ruggedness,
as well as on reduced weight and volume.

A similar display is used in camcorders
(Fig. 5).

At JES '93, Sharp addressed this market by
showing a display fabricated on plastic rather
than glass. Interestingly, reducing the cost of
the display was nor among the reasons Sharp
used plastic. The common conception that a
plastic substrate reduces the cost of an FPD is
incorrect.

i

LCD Production in Japan

The increase in the value of LCD production
in Japan is a dramatic story, and it coincides
with a production volume that is actually
decreasing as the production of lower-techriol-
ogy and lower-pixel-count PMLCDs go to
other parts of Asia (Fig. 6). The Nomura
Research Institute/Sharp has forecast a growth
rate in market value of 35%. which produces a
dollar value of $15.6 billion by the year 2000
(Fig. 7).

Next-Generation Production
Machinery

In 1991 the JTEC Committee visited brand-
new Sharp and DTI AMLCD factories incor-
porating first-generation machinery — machin-
ery that can handle glass substrates measuring
approximately 300 x 400 mm using larger
PECVD and photolithographical exposure
equipment than had ever been used before in
production. We were impressed by the
expense of the machines and the stipulation
that these machines would have to pay for

* themselves before any further developments
. could be considered. The first-generation

machines were not on line during our visit and
the future was uncertain. The yields on “zero-
generation” AMLCD pilot lines factories

i using modified MOS machines were rumored
. to be less than 10%.

At that time, many peopie in the displays
industry believed that AMLCDs could not be
produced profitably because first-generation
machines would be unable to process enough
glass at sufficient speed and yield. Obviously.
Sharp, DTI, NEC, Hosiden, and other compa-
nies disagreed, but no one was willing to
speculate beyond the first generation.

In 1991 there was clearly a high technical,
financial, and market risk. Among the many
considerations that tempered commitment to
a-Si TFT-AMLCDs were:

« The unresolved question of whether a-Si
TFT-AMLCD:s could be manufactured
economically.

¢ Technical challenges from MIM and a-Si
diodes, p-Si TFTs, and improved lower-
cost STN-LCDs.

¢ Uncertainty over whether the market
would accept the most expensive elec-
tronic-display product ever offered.

* The absence of a proven consumer mar-
ket for any high-performance FPD with
full color and video speed.

* New technical breakthroughs in other
FPD technologies that could mitigate the
advantages of a-Si TFTs.

The industry's direction and rate of change

 were both unclear, and the obvious technical

advantages of a-Si TFTs were clouded by
market and economic issues.

It is now time to update the appraisal of
1991. The technical, financial, and market
risk is over. It is now clear that:

* The technical manufacturability of a-Si

TFT-AMLCD:s has been proved and the

e



industry is improving performance.

* The financial risk is over. The industry
is vigorously working on product cost
reduction, and the Japanese AMLCD
industry is expanding despite the general
slowdown of the global economy. Sev-
eral AMLCD manufacturers say they are
making a profit. The industry is now
progressing to the second generation of
machinery. which has 3-5 times the pro-
ductivity of the first generation (Tables 2
and 3).

* Market demand exceeds production
capacity. The marketplace has focused
on a product size of approximately 10 in.
on the diagonal, with VGA resolution
and 9-18 bits of color. The focus is on
products that use a-Si AMLCDs because
of their superior performance and speed
of response. The greatest growth is in
high-end portable PCs. The PMLCD
market is also very strong and growing at
a rapid rate.

The new round of investment is the

ngest statement the Japanese displays
Tidustry could possibly make about its com-
mitment to LCDs. The sample of reported
investments shown in Table 3 exceeds $2 bii-
lion — that's $2 billion above and beyond the
more than $2 billion reported in 1991. NEC is
leading the charge toward second-generation
machinery: installations started in late 1993.
In late 1992, Sharp announced its largest sin-
gle capital investment ever — ¥80 billion -
which included new machinery for a new line,
machinery upgrades on the first two lines at
the 3-year-old Tenri factory, and a new fac-
tory in Mie Prefecture.

The new round of investment is causing a
shakeout of Japanese AMLCD manufacturers.
The cost of entry is now so high that we are
not likely to see new manufacturers entering
the marketplace. Sharp is now, by far. the
world leader in the production of PMLCDs
and AMLCDs, and may capture 50% of the
world's AMLCD market by 1995.

Second-Generation Production
Machinery
The a-Si TFT-AMLCD industry is now fol-
"~wing the same growth pattern we have seen
he MOS, DRAM, and microprocessor
“Thdustries (Table 2). Note that the technologi-
cal life of production machines is expected to
be approximately 3 years while production

—
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Target Specifications for 1.3-in. Polysilicon Liquid-Crystal Display

Item Specifications
Module size (mm) 38 (H) x42 (V)
Display-area dimensions (mm) 26.88 (H) x 20.16 (V)
(1.32-in. diagonal)
Number of dots 640 (H) x 480 (V)
Dot pitch (um) 42 (H) x 42 (V)
Aperture ratio 03
Transmittance 0.07
Contrast >100:1
Response time 50 msec at 25°C

Seiko-Epson
Fig. 3: Setko-Epson has introduced this new 1.3-in.-diagonal poly-Si AMLCD having 480 x
640 color pixels — 307,200 addressable dots. Seiko-Epson expects to have engineering evalua-
tion units ready for the Japanese market in June.
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life may be as long as 7 years. Quantum
Jjumps in size and market are anticipated every
3 years. It is too early to confirm many of the
details for generations 3 and 4. but generation
i 2 has started with NEC.
Extrapolations of when new generations
S ONY come on line may change with time, but the
' " evolutionary stage is set. Upon that stage,
corporate actors will adjust their tactics as
) P _ shifts in the marketplace demand — and as the
electronics industry has often done in the past.
\  One ramification of the dramatically
increased confidence in the FPD industry is
* that the required broad base of industries has
become more supportive. The chemical.
. glass, printing, electronics. and machinery
t industries. as well as all of the other industries
~ associated with displays manufacturing, are
investing in new plants and capacity.

The JTEC Committee predicted that
AMLCD production would not exceed 16 in.
by the year 2000, but Sharp demonstrated a
17-in. 1024 x 1280 full-color AMLCD at JES
'92 and *93. Samples of sizes over 14 in. on
the diagonal may be available from Sharp in
the 1995-1996 time frame. Matsushita
: demonstrated a 15-in. 900 x 1152 full-color
AMLCD at JES '92 and "93. Matsushita is
sampling the display in Japan but has not
announced plans to sample it in the U.S.

GLoaaL POSCTIONING SYSTeEm

-
S

Significant Advances
The most significant technical movement
within AMLCD:s since the original JTEC
' study has involved the p-Si TFT-AMLCD.
+ The market driving force for this device has
ATI0, 5 been the 0.7-in. 100,000-subpixel color cam-
POS ! i corder display. Seiko-Epson has demon-
strated a 480 x 640-subpixel color p-Si TFT
i device that has a 1.3-in. diagonal (Fig. 3).

A second market driver is the p-Si TFT-
AMLCD for video projection of TV and
HDTYV. Perhaps the most significant LCD
advance shown at JES *93 was the Sharp
HDTYV p-Si AMLCD projector (Fig. 8). As
. exhibited. the display substrate was approxi-
- mately 1.9 in. on the diagonal with 1.3M pix-
els (monochrome). Such substrates can be
- used for color HDTYV projectors and, in a truly
“ impressive exhibit, Sharp was using them in

that configuration to project an image on a 10-

sony Corp. - ft. screen. (Two HDTYV projectors projected
Fig. 4: The newest Sony Portable Global Positioning Svstem (GPS) was released in September. ' superimposed images for added luminance.)
It uses the C-Map Marine Database on a removable Info-Card. For portability, the system uses At SID "93 in Seattle. Washington, Sharp
an STN-LCD. described the device in a technical paper.’

WA
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p-Si appears to be emerging as the technology
for the smaller and larger projectors, view-
finders, goggles. and direct-view displays.
Examples of all these applications - including
a rear-projection desktop-PC display, virtual-
reality goggles, camcorder viewfinders,
monocular displays. and direct-view displays
- were shown at JES "93. There were no
signs of p-Si in devices larger than 2 in. on the
diagonal.

In 1991 most projectors used a-Si TFTs.
The p-Si TFTs have gained on a-Si for several
reasons:

* Lower sensitivity to light, which permits

higher luminous flux density.

* Row and column drivers fabricated on
the substrate along with the TFTs for
pixels, allowing higher-resolution
images.

* High-resolution images obtainable from
devices with smaller diagonals. which
allow the use of smaller optics and
smaller projectors.

* Higher-mobility TFTs that can be
smaller for a larger pixel aperture.

.. » second area of dramatic advances is in
more-compact displays with highly efficient
fluorescent backlights. Two examples, in par-
ticular, have established a new level of
accomplishment in the use of advanced back-
lights for FPDs.

The first of these was demonstrated by
Sharp at JES '93. Itis an a-Si TFT-AMLCD
with 480 x 640 x 3 subpixels — 480 rows by
640 columns of full-color pixels. with each
pixel containing a red, a green, and a blue
subpixel —on a 0.2-mm pitch. Itis 6.4in.on
the diagonal, has 2% reflectivity of ambient |
light for good sunlight readability, weighs 220
grams, and consumes 1.5 W.

The second example was first demonstrated
by Hitachi at JES "92. It is an a-Si TFT-
AMLCD with 480 x 640 x 3 subpixels. Itis
9.4 in. on the diagonal, displays 4096 colors,
weighs 590 grams, and consumes 6 W.

A third rapidly advancing area is in STN
multiple-row addressing (also known as active
addressing, a term that has been registered as
a trade name by In Focus Systems). At JES
"93, Optrex showed a color STN display with
VGA resolution that uses multiple-row

2ssing in sets of seven rows. The speed
¢sponse was 50 msec — about the speed of
a typical a-Si TFT-AMLCD. Optrex said that
the preprocessing required to achieve this

Table 1: Metrics for a 10-in. VGA Monitor
A Technology-by-Technology View

Technology Price Speed Color Footprint Weight Power Viewing Sunlight
Angle  Readability*
CRT E E E M M F E M
AMLCD M G E E E G G E
PMLCD G M F E E E F E

Legend: E = excellent; G = good; F = fair; and M = marginal.
“Sunlight readability refers to a display’s ability 1o be adjustable for and readable in ambient illuminations from fuil dariness to full
direct sunlight.

increased speed would raise the cost of the P.
STN display by 20%. Seven-row sets were
considered optimum for increasing speed
while maintaining conventional STN viewing
angles and contrast ratio.?

Stanley's electricatly controllable bire-
fringent (ECB) PMLCD configuration ~
also called the vertically aligned configu-
ration — has not reached production as
anticipated. This configuration was
developed by LETI of France and devel-
oped further for production by Stanley in
a joint agreement between the French
and Japanese Governments.

The Giant Technology Corporation
(GTC) consortium, which has been
headed by Hitachi, will come to an end
as planned. GTC was initiated as a 5-
year research and development effort to
make a }-m HDTYV display using p-Si for

Reduced Emphasis

Several areas mentioned by the 1991 JTEC

Committee have not materialized to the extent

we expected or they are not being renewed. .

* The ferroelectric LCD (FLCD) being :

developed by Canon has not reached pro-
duction as anticipated. Canon will con-
tinue research and development on
FLCDs.

Sharmp Comp.
Fig. 5: The new Viewcam™ VL-E3OUP by Sharp Corp. uses a 3-in.-diagonal color a-Si TFT-
AMLCD for its innovative viewfinder. This new application of LCDs, which required increased
viewing angle and decreased reflectivity, has had a major impact on camcorders.
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TFTs and printing in place of the stan-
dard photolithography process. The con-
sortium plans to build a 20-in. bread-
board demonstrator, which will be a sec-
tion of the 1-m panel.

* The High Definition Technology Corpo-
ration (HDTEC) consortium headed by
Seiko-Epson will come to an end as
planned. HDTEC was initiated as a
5-year research and development effort
to make a p-Si HDTV projector. The
consortium has made significant
progress.

2.32

221

2.0+4

1.8¢4

1.66

164+

1.2-4- Production Value . Other FPDs

The entire FPD industry is dominated by LCD
i technology. but there are important niche-
market activities involving other technologies:
¢ The 21-in. VGA color plasma display
developed by Fujitsu. Fujitsu is sam-
pling the display and building a factory
for modest production. The display was
demonstrated at JES '92 and 93 with
full multimedia capability. The PDP
technology is well-suited to larger sizes
because it uses screen printing for pixel
definition. It has the disadvantage of low
: : luminous efficiency, which limits its ulti-
1982 1983 1984 1985 1986 1987 1988 1983 1930 1991 i mate application unless Signiﬁcan( mate-
YEAR rials improvements are made. At the pre-
Note: Y110/$ : sent time, the PDP is the only direct-view
FPD that can (1) be made with a diagonal
Source: Japanese Ministry of Intemational Trade and Industry over 20 in., (2) operate in full color. and
Fig. 6: The increase in the value of LCD production in Japan is dramatic, and it coincides with (3) operate at video speeds.
a production volume that is actually decreasing as production of the lower-technology and ¢ The 40-in. PDP with near-HDTYV dis-
lower-pixel-count PMLCDs go to other parts of Asia. play resolution developed by NHK and
Matsushita. This is the only existing
direct-view display that approaches
HDTYV resolution and size requirements.
The technology currently lacks effi-
ciency, long life, and luminance. Further
i research and development is necessary
78BIL S ‘ before production can be anticipated.
(] 1v & others = The flat CRT display developed by Mat-
Growth {0 portabte ‘ sushita. Matsushita continues to develop
Rate: M oa and demonstrate flat CRTs. and showed
35% ‘ a high-quality 14-in. color version at JES
2.3BIl$ '93. But the weight, size, and cost
parameters do not hold promise that
these displays can compete with
AMLCDs. One market application well-
suited to the flat CRT, with its wide
Source: Nomura Research Institute/Sharp viewing angle, is “TV on the wall,” but
Fig. 7: A forecast growth rate of 35% in the market value of LCDs produces a dollar value of this will be a niche market until the price
$15.6 billion by the year 2000. i is decreased and the size is increased.

Billion §

1.04-

Production volume

(100 miltion units)

15.6 Bil. §

15 + |
Growth ‘
Rate:
18%

101
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Table 2: AMLCD Machinery Production Generation in Japan

Direct-View a-Si TFT-LCDs

Generation Zero 1st 2nd 3rd 4th
Year start 1987 1990 1993-94 1996 19997
LSI New generation Installation Planning Future
Glass sheet size 66 in 320 x 400 mm 360 x 465 mm 500 x 700 mm TBD
6x8in 300 x 350 mm 380 % 480 mm 500 x 600 mm
300 x 400 mm (1994) 450 x 550 mm
Display size 1 @6in 4 @8in. 4@ 10in. 4 @ 14in.
1 @9in 4@ 6in. 2@ 14in. 1 @ 30in.
2@ 10in. 6 @ 7in.
Cycle time Variable normalized @ | 2x N
Productivity normalized @ 1 3% 10 5x
Yield  <10% initially >50% >70%
Major market Portable TV Notebook PC Desktop PC Engineering HDTV?

Subnotebook PC

workstation

Machine technology lite, 3 years.
Machine production Iife. 7 years.

* The Sharp line of EL displays. This
technology supplied the first HIC FPD
manufactured for a consumer product.
(PDPs were the first type of FPD manu-
factured. but they were initially limited
to military and industrial markets
because of their cost.) Sharp is the only
Japanese company manufacturing ELDs
- in a product line of approximately a
dozen sizes. Sharp claims to have over
50% of the world's market in ELDs.

ELDs have the advantage of wide viewing

angle and a fast response speed comparable to
a CRT's. They have the disadvantage of lim-
ited color capability and limited gray shades.
ELDs are several times more expensive than
STN displays that are comparable in all
respects except speed and viewing angle.
Sharp is continuing research to develop a
white-color phosphor.

Summary
The Japanese have long recognized that both
the computer and television industries will
need new display technologies as we enter the
“Information Age.” and that these new tech-
nologies will play a critical role in keeping
Tapan's electronic products competitive in the
‘ernational market. Japanese industrialists
“nave thought of FPDs as the last remaining
“seed” for new-product innovation. In part,
this helps explain Japan's apparent overem-

phasis on the research and development of
FPDs during the last 20 years.

During the 1980s Japan's electronics indus-
try achieved worldwide dominance in FPDs
generally and LCD:s in particular. FPDs made
it practical to produce new products that stim-
ulated the entire Japanese electronics industry.

All the pieces have now been assembled
that will allow Japanese laboratories. universi-
ties. and companies to dominate the research,
development. and production of HIC FPDs.

Source: Tannas Electronics, Orange, Califoria

This situation appears more obvious now than

; in 199L. The dominance is based on phenom-
. enal advances in LCD technology in both the
! low-cost compensated STN-LCDs and the

high-performance a-Si TFT-AMLCDs.
However, one should not assume that these
technologies will displace the CRT. They
won't because of the CRT's lower cost and
high level of performance - except in markets

. where physical volume, footprint. or sunlight
; readability are issues. By the year 2000,

Table 3: New Round of Investment for Large AMLCDs

(Partial List, 1993-1995)
Second-Generation Machines
Company M ¥B Plans
Sharp 727 80 Upgrade two Tenri lines
Add line at Tenri
New plant in Mie Prefecture
NEC 272 25 Upgrade Kagoshima plant
273 30 New plant at Akita
DTI (Toshiba/IBM) 273 30 Expand Himeji production line
Hosiden 64 7 Expand Seishin plant ('93 only)
Fijitsu 355 39 Begin mass production
Hitachi Ltd. 273 30 New line at Mobara

Total = >$2 Billion

Source: Tannas Electronics, Orange, Califomia
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worldwide sales of CRTs and LCDs are
expected to be about equally divided. with the
growth in LCDs occurring primarily in new
display-based products.

LCDs now completely overshadow all
other flat-pane} technologies. another state-
ment that appears more obvious today than it
did to the JTEC Committee in 1991. The
development during the 1980s of techniques
to successfully matrix address high-resolution
LCD:s is bearing fruit in the 1990s.

Successful production of color AMLCDs

i and low-cost STN-LCDs in Japan has

; changed the entire picture in the FPD indus-

" try. Of all the FPD technologies, the LCD

| will dominate through the 1990s and beyond.

| A new paradigm must be created before this

| can change.

AMLCD production is maturing rapidly

i and is starting to follow the evolutionary pat-

. tern previously seen in the MOS and DRAM

' industries. The second round of investments
and second gene:ation of machinery for
AMLCD production is the ultimate confirma-
tion that LCDs are firmly in place and guaran-
teed to be with us well into the 21st century.

The achievements in AMLCD technology

. are the most significant since the invention of
the shadow-mask color CRT. and there is no
: close rival left for high-performance color
video displays except the CRT itself. It is
even conceivable that by the year 2000 the
AMLCD may be superior to the CRT as an
HIC electronic display. But regardless of
. FPD performance. the CRT will remain a
potent force because of its absolute price
advantage and the worldwide need for low-
cost television sets. As yet, no one is predict-
ing that the cost of FPDs will ever be compet-
itive with that of CRTs.

)

Notes
'The Japan Technology Evaluation Center
(JTEC) is operated for the U.S. Federal Gov-
! ernment to provide assessments of Japanese
research and development in key technolo-
gies. The lead support agency is The National

Photo courtesy of LE. Tannas, Jr. ' Science Foundation.

Fig. 8: The first showing of a polv-Si active-matrix liquid-crystal display (AMLCD) with high- ' 2JTEC Flat Panel Display Technology Com-
definition-television (HDTV) resolution and aspect ratio was by Sharp Corp. at the 1993 Japan ' mittee, L. E. Tannas, Jr., and William Glenn,
Electronics Show (JES '93) in un HDTV projectorftheater. No technical details were revealed ‘ Co-Chairmen, “Display Technologies in
and an availability date was not given. | Japan.” NTIS Report #PB92-100247
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(National Technical Information Service,
phone 703/487-4650, June 1992).
*L. E. Tannas, Jr., “Japanese Flat-Panel Dis-
plays: What JTEC Saw.” Informarion Display,
18-22 (July/August 1992).
*1n this article. we define an HIC display as
one with 100.000 or more pixels — a pixel
count that historically required a CRT.
K. Odawara, private communication.
®Giant Technology Corporation (GTC) is a
consortium funded by MITI and the Japan
Key Technology Center with the single objec-
tive of researching and developing a 1-m
HDTYV display that uses p-Si as the TFT semi-
conductor and is fabricated with high-resolu-
tion printing instead of the more expensive
photolithography.
Y. Takafuji et al.. A 1.9-in. 1.5-M Pixel
Driver Fully-Integrated Poly-Si TFT-LCD for
HDTYV Projection,™ SID International Svmpo-
sium Digest of Technical Papers. 383-386
(1993).
*Takeshi Kuwata. Asahi Glass Co.. Ltd.. R&D
Center. Kanagawa. Japan. Private communi-
ion. W
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PERSPECTIVE/DISPLAYS

- The lat panel’s future

Notebook PCs and wall-
mounted, high-definition
TVs define the fast-changing
world in which display
makers must survive

he Japanese giants of the
flat-panel display indus-
try—Sharp, NEC, DTI (a
Toshiba-IBM joint ven-
ture), Hitachi, and Hosi-
den—have spent an esti-
mated US $3 billion to
commercialize the color,
active-matrix liquid-crystal dispiay. Now that
heavy investment is starting to pay off.
Less than three years ago, manufacturing
! yields of color liquid-crystal displays (LCDs)
based on active-matrix technology were a
© dismal 10-20 percent for most manufac-
turers. Today, the leaders among them
are—with evident satisfaction—claiming
yields in excess of 50 percent. As a result,
prices are down (a little) and, according to
industry consultant Larry Tannas, chairman
of the Japan Technology Evaluation

Video Graphics Adapter (VGA) versions of
| these displays are being delivered this year.
With additional manufacturing capacity now
going on line, next year an estimated 500
000 displays will be produced each month,
Tannas said. But even with this additional
output, supply is not expected to catch up
with demand until 1996,

The image quality on the best displays is
stunnine (Fie 1], Sizes also are inchine up.
Prices, though, are suil 100 1ugn 1ut Lo
active-matrix LCDs (commonly called
AMLCDs) to be a truly mass-market item.
After all, how many $4000 laptop computers
will people buy?

Prices will drop, but the long-predicted
target year of 1995 will not see a color VGA
AMLCD priced at ¥50 000 (or US $500 at a
projected ¥100 to the dollar). A more re-
alistic estimate is 1996 or 1997, said Hosiden
Corp.’s Shinji Morozumi, developer of the
AMLCD TV receiver, when he spoke in
Seattle last May at SID '93—the annual
Society for Information Display’s
International Symposium and Exhibition.

With all of this, the Japanese giants and
their North American marketing groups

Kenneth |. Werner  Contributing Editor

Committee JTEC) on display technology, |

| seem generally optimistic, but new tech-
nologies—such as the active-addressing
display from Motif Inc., Wilsonville, OR, or
the plasma-addressed unit from Tektronix
Inc., Beaverton, OR—threaten to cloud at
least a portion of active matrix’s rising sun.
PASSIVE PROBLEMS. AMLCDs are complex,
but the complexity is there for good reason.
In the simpler, passive LCDs like the super-
twisted nematic (STN) units used in most
monochrome notebook computers [Fig. 2],
a tradeoff limits display performance. Be-
cause the rows in such displays are ad-
dressed sequentially, the number of rows of
pixels in the display must be traded off
against the length of time during a frame
period that the driving circuitry can apply
voltage to a turned-on pixel.

For instance, if there are 240 rows, any
pixel that is turned on during that frame
period can only have its on-voltage applied
to it for approximately 1/240 of the frame
period—which is generally 1/60 second.
This time division of voltage is calied multi-
plexing, and the portion of the frame period
that each on-pixel experiences the voltage is
called the duty cycle.

Thus, any pixel in a 240-row display
would have a maximum duty cycle of 1/240.
All other things being equal, the smaller the
duty cycle, the poorer the contrast ratio, the
narrower the viewing angle, and the fewer
the gray levels.

Another potential problem with passive
display designs is crosstalk. In display tech-
nology, crosstalk is the tendency for pixel
intensities in a column containing both on-
and off-pixels to vary around their intended
values. Modern displays exhibit crosstalk to
varying degrees. It is particularly noticeable
i A wwanauu vy Cu‘ Cily il VLT IIL Wil Cy duL
example, the vertical edges of a dialog box
may have a ghostly continuation beyond the
box’s horizontal edges.

To avoid flicker in passive displays, a rela-

| tively viscous and slow-to-respond liquid-
crystal material must be used. This solves

the flicker problem but prevents the display ;
from responding quickly enough to re- '

cursor to be moved rapidly across the

screen without submarining—temporarily |

disappearing as it is moved.

A pixel turn-on time, T, of 125 ms is on
the borderline for keeping moving mouse
cursors visible and, for video, 50 ms is
needed. Some of the latest passive displays
appearing in laptop computers exhibit a T,
in the vicinity of 125 ms. (T, is commonly
referred to as one-way optical response
time. Two-way response time, T, + T, is

produce video signals or allow a mouse -

also a frequently cited specification. It is ap-

most displays.)

Active-matrix LCDs were developed to
overcome these limitations of passive dis-
plays. In the early 1970s Peter Brody and his
group at Westinghouse Corp., Pittsburgh,
recognized that placing a switch at each pix-
el location was one way of avoiding crosstalk
and optical response tradeoffs forced by
time-multiplexing the driving signals. The
Westinghouse group employed a transistor

material.

ACTIVE DEVELOPMENT. Researchers experi-
mented with cadmium selenide and other
materials. But since the quality of this thin-
film transistor did not have to be very high,
by the early 1980s most developers had set-
tled on amorphous silicon as a good com-
promise between adequate performance and
an economical, low-temperature manufac-
turing processing.

But a color VGA display contains 640-by-
OV LT oL ym&.w, A Al AT ‘J;Ael
in most designs contains a red, a green, and
a blue subpixel. (Some older designs add a
fourth, either white or green; at least one
manufacturer stacks three panels and uses

Defining terms

Liquid-crystal display (LCD): a display in which the
opacity of a gelatinous quasi-crystalline material
is controlied by an electric fietd.

Optical response thme: the amount of time it takes
for an LCD pixel to change opacity.

Pixel duty eycle: the portion of the entire display
cycle during which an address signal is apptied to
a single pixel to turn it on.

Transmittarce: the amount of light able to pass
through a material, given as a percentage of the light
entering it.

subtractive primaries to obtain colors by
subtraction.) Since each AMLCD subpixel
requires a transistor, a 640-by-480-pixel
display that uses three subpixels for each
color pixel requires over 920 000 tran-
sistors, which must be deposited on one 9-
or 10-inch substrate. With a few minor ex-
ceptions, all these transistors have to work.

perfect 10-inch ICs with 3-wm design rules
at high yield. Its solution has proved far

18

0018-9235/93/$3.00©1993 [EEE

[EEE SPECTRUM NOVEMBER 1993

fabricated with thin films of semiconducting '

proximately double the one-way response in

The problem has been likened to making |

harder and costlier than anyone foresaw. ;
Some analysts say that the $3 billion in-
vested to date will never be recovered using '



Thin-film transistor
Data (colurmn) line Gate (row) line
[

Common electrode

Pixel electrode Fluorescent

Color fitter

Polarizer

Glass substrate
Liquid crystal

{2] Passive LCD technolo-
& [far right] is simpler
than active-matrix. The pix-
el count, contrast ratio, re-
sponse, and gray scale of |
top-of-the-line passive LCDs
are gradually increasing to
brovide a crisper, more
bleasing display, such as
t used in Compagq Com-
_ -ter Corp.’s most recent
notebook computer [right]

{3] In a traditional passive-matrix liquid-crystal display, a pixel is
turned on by an “on” column signal during the time it is selected by a
row pulse [left] Each pixel experiences a voltage that is the difference
between the row and column signals. F is a voltage selected to pro-
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(1] Among the most sophisticated commercial color liquid-crystal dis-
plays (LCDs), Sharp Microelectronics Corp.’s 10.4-inch active-matrix
LCD display labove] exhibits thousands of colors. Like other top-of-
the-line displays, it is based on thin-film transistor technology [left]

duce the desived pixel response. The column signal is set to —F to
turn a pizel on, +F to turn or keep it off. (The pulse width, ¢, is equal
to the frame period—usually about 1/60 second—divided by the num-
ber of multiplexed rows.) The column signals shown are intended to

produce a binary display—one

whose pixels are entirely on or
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eliminate crosstalk. Any set of
orthonormal functions will
work, but the approach requires
the column voltage to be a func-
tion of every pixel in the column.
Walsh functions—the set of or-
der 32 is shoun—are a set of
Sunctions that can sharply re-
duce the number of computa-
Hons needed to generate the col-
umn signals. (Figures courtesy
of Terry Scheffer and Jiirgen
Nehring at Motif.)
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traditional measures of cost recovery.
Whether or not these costs really can be re-
covered, the extremely high manufacturing
investment required to make AMLCDs
affects both suppliers and consumers.

Only seriously committed suppliers can

. enter this game, and only successful ones
. remain in it. The price tag for the

equipment in a single, state-of-the-art

| AMLCD production line exceeds $100

million, said consultant Tannas, and industry
leaders are now adding second and third
lines.

Several Japanese companies that had

been actively involved in AMLCD devel- !

" opment have decided to fold their cards.
. Outside Japan, only two North American

companies—Optical Imaging Systems

(OIS), Troy, ML, and Litton Canada, Toronto
—are making the displays, and only one
new player, a consortium led by Philips
Electronics NV, Eindhoven, the
Netherlands, has summoned the courage to
build a full plant for active-matrix LCD man-
ufacturing.

For consumers, the price of color VGA
AMLCDs cannot drop sharply before the
second half of this decade, even if yields rise
to 70 or 80 percent, because manufacturers
need to recover the cost of building the
plants scheduled to go on line next year.

Given the continuing prospects for high
AMLCD prices, therefore, could there be a
window of opportunity here for other tech-
nologies? In fact, there are at least two, and
they are related by their reliance on the in-

feturn of the coler whesl

The original system proposed for color television in 1940 was an electromechanical color-wheel sys-
temn. Frames for the red, green, and blue components of the coior image followed each other sequen-
tialty on a black-and-white TV screen. A motor-driven wheel containing red, green, and blue gels ro-
tated in synchronization with the frame presentation, and the viewer observed the screen through this
rapidly rotating color wheel. A full-color image emerged asthe viewer's visual system blended these se-
quential frames. The general term for such systems is frame-sequential color.

Two discouraging problems occurred with these earfy frame-sequential systems. First, they re-
Quired a cabinet roughly twice as wide as an otherwise equivalent monochrome receiver. Second, and
more seriously, they required three times the frame rate of an otherwise equivalent monochrome sys-
tem. The electronics of the period could not produce a frame rate of 180 frames per second (60 frames
per second times 3 color images per full-color frame), and using a reduced frame rate produced a
flickering image.

With the success of RCA Corp.'s shadow-mask system, which distributed the red, green, and blue
images on the tube face instead of presenting them sequentially, field-sequential color felf out of fash-
ion. Tektronix Inc., Beaverton, OR, brought it back three years ago with its liquid-crystal color shutter.
This system replaced the color wheel with a stationary, solid-state device no larger than the screen of
the monochrome cathode-ray tube (CRT) it works with. The shutter is fast, but as its associated polar-
izers absorb a great deal of light, a fairly bright CRT is required.

What all this buys is a very-high-resolution color display. Stand-alone shutters and tubes with
shutters bonded 1o their faceplates are currently available as off-the-shelf products under the NuColor
trade name. A 9-inch NuColor monitor costs US $950.

This year at the Society for information Display Show in Seattle, two new field-sequential color
systems were exhibited—both based on electromechanical color wheets. The first was Dallas-based
Texas Instruments Inc.'s projection display based on the company's digital micromirror device [see the
following article, “Mirrors on a chip,” by Jack M. Younse, p. 27]. The second was a miniature color-
whee! CRT from Miyota, Nagano Prefecture, Japan, which is being distributed by Thomas Electronics
inc. of Wayne, NJ [see figure above]. The miniature 0.6-inch-diagonal monochrome CRT is derived from
one Miyota makes for camcorder viewfinders and weighs onfy 5 grams without deflection coils. Complete
with deflection coils, motor, and color whee, the weight is less than 50 grams.

Because the monochrome has no shadow mask, resolution is limited only by the beam spot size and
the deflection electronics. Unlike the situation in electranic color shutters, light absorption within each
color band is not large, so images are bright. Initiaily, Miyota and Thomas are marketing the color-wheel
tube as a relatively low-cost—less than $1200—alternative to Mil-Spec tubes for applications such
as helmet-mounted displays. —KIW
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novative use of factory-proven approaches.
The most recent alternative cropped up in
1992, when Terry Scheffer and his colleagues

at In Focus Systems announced a new :
method for driving passive LCDs that would

give them most of the benefits of active-ma-
trix displays.

Traditionally, in both active and passive
displays, the display signal is applied to the

columns of pixels in paralle] while the rows
are pulsed sequentially. Each pixel is |

exposed to a potential that is the difference
between its row and column signals. When
an “on” column signal and a row pulse si-
multaneously excite a pixel, the resulting
potential difference is sufficient to turn it
on [Fig. 3, left]. Unfortunately, for passive
LCDs, the technique also produces inter-
mediate voltages that engender crosstalk,
as previously noted.

In STN displays, gray levels are imple-
mented with two techniques. Frame modu-
lation applies pixel select and nonselect
voltages to a pixel in each frame over a
cycle of, say, 16 frames. The response time
of the LCD (about 150 ms) is usually much
longer than the frame period (about 17 ms),
so the rms average of the 16 different
voltages produces a shade of gray—a gray
level—that is between the pixel's fully on-
and fully off-state.

Alternatively, simple pulse-width modu-
lation can be used. Here, the column signal
is held low for a portion of the select in-
terval and then high for the remainder of
the interval. The resulting rms voltage
again produces a particular gray level, since
the transmittance of each LCD pixel is pro-
portional to the rms value of the voltage
applied to it.

The contrast and viewing angles of STN
displays are now quite good, but response
times remain much too long for video. The
problem is not that liquid-crystal materials
are inherently slow. Higher-voltage and
lower-viscosity liquid-crystal materials easily
accommodate video rates in active-matrix
displays.

Using a fast-responding, high-voltage
liquid crystal in passive STN displays,
however, results in the liquid crystal’s state
decaying markedly between select pulses.
The display is no longer responding to the
rms voltage averaged over a frame period,
but is responding to voltage changes during
the frame period. The result is reduced
transmittance (brightness), poor contrast,
and a narrower viewing angle.

The In Focus team realized (and have
demonstrated) that it is possible to use a
faster liquid-crystal material, have a bright
flicker-free display, and minimize ghosting
effects, all at the same time. They do it by
employing a much more complicated set of
row functions [Fig. 3, right] to distribute the
selection intervals over the frame period,
and by combining the row functions with
more complex, calculated column functions.

The tradeoff is that the row functions are
not only more complicated in themselves,
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but also require a column voltage whose
value is a function of every pixel in the
column. These more complicated signals
have to be calculated by more complex
display electronics, but the electronics can
Ye implemented in traditional ICs. This ap-
proach—dubbed active addressing by In
Focus—allows the display manufacturer to
do something very exciting: move the tran-
sistors required for active-matrix LCDs off
the display glass and into plastic packages,
where they can be implemented much less
expensively.

What'’s left on the glass itself? Nothing
more than is found in a conventional passive
display. A more responsive liquid-crystal
material is substituted for the conventional
material and the cell thickness is reduced,
but the manufacturing process is otherwise
identical.

Can the degree of this excitement be
quantified? Judging by Motorola Inc.’s
August 1992 decision to invest $23 million in
a joint venture with In Focus, the answer is
yes. Called Motif, the venture is currently
building a plant to manufacture the displays
in Wilsonville, OR. Motorola, headquartered
in Schaumburg, IL, will manufacture the
active-addressing chips, which will be
available to all display manufacturers-—not
just Motif—as soon as production levels
permit.

Motif’s manufacturing line was turned on
in September, engineering evaluation units

| are to be shown later this month at Comdex

in Las Vegas, and the company plans to ship
production models early next year.

On the all-important matter of price,
Scheffer, who is now chief scientist at Motif,

! said that the new displays, while more ex-

pensive than passive color LCDs, will be
considerably less expensive than AMLCDs.
The difference in price between his new
display and a standard passive color display
should be about one-quarter the price dif-
ference between a color AMLCD and a

| passive color display.

PASSIVE-MATRIX COLOR. The second alterna-
tive to color AMLCDs is the existing stan-
dard passive-matrix color LCD. Given its lim-
itations, the fact that passive color is any kind
of viable alternative to AMLCDs is some-
thing of a surprise. Three years ago, Tim
Patton, marketing manager at Hitachi
America Ltd.s Electron Tube Division,
Norcross, GA, predicted that, while the avail-
ability of AMLCDs increased and their prices
dropped, there would be a temporary window
of opportunity for passive color. Although he
expected that window to last only a year or
two, he proved more prescient than many
of his colleagues, who did not see much of a
future for passive-matrix color.

Three factors have broadened the
window of opportunity spotted by Patton.
Getting AMLCDs into production took
onger than anticipated. Then, once display
manufacturing began, delays occurred in
bringing yields up to the point where
original-equipment manufacturers (OEMs)

Werner—The flat panel’s future

- or display [see figure, above fi

Xerox's 6.3-million-pixel LCD
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A 10-inch, VGA, liquid-crystal display packs 640 by 480 pixels into an active area of approximately
20 by 15 cm, giving.a linear pixe! density of 80 pixels per inch (or a pixel pitch of roughly 0.32 mm).
Notebook PC users have become accustomed to such a pixel density—and its limitations. They do
not, for instance, even try to read the equivalent of 6-point type on such screens. But print that 6-point
type on a 300 dot-per-inch (dpi) laser printer, and it is eminently readable.

Without a 300-dpi display, WYSINWYG (what you see is not what you get). There are a few, very
expensive, 200~ and 300-dpi monochrome cathode-ray tube (CRT) monitors around, but liquid-crys-
tal displays (LCDs} have not come close. For this reason, Xerox Palo Alto Research Center's 13-inch-
diagonal active-matrix LCD, with its 6.3 million pixels, is unique [see figure, above left].

Not only does the display have the largest number of pixels ever to appear on a single LCD, but

...there are 284 of them ta the lingac inchr: The effect ls startling; laser-printer quality on an LCD.

~ Acolor version has the same fidmber of dots, with quartets of those dots in red-green-blue-green
-quad patterns serving as the subpixels.in each fult-color pixel. The result is a 1536-by-1024 fuli-col-

with the funding.

~The1J.S. Advanced Research Projects Agency, Arlington, VA, helped
: - —KIW

could commit to using the displays in
products. And, initially because of low yields,
and later because of high plant investment,
prices stayed—and continue to stay—high.

Over the last two years Patton’s window
has also been widened considerably by a
surprising improvement in the image quality
of passive color displays. Remarkable im-
provements in color saturation, crosstalk,
and viewing angle were seen in displays
from such companies as Sharp, Hitachi, and
Kyocera at this year’s SID. Sharp
Microelectronics Corp. and Kyocera Corp.
showed displays with a pixel turn-on time of
roughly 125 ms, and virtually everyone else
is following suit. These faster displays are

eminently usable for the vast majority of
common computer applications, although
they do not have the optical response for
animation or video.

Price and availability are the final two
variables in the passive-color—-display
equation. Passive color displays are more
expensive than monochrome because, like
AMLCDs, every color pixel must contain
three subpixels, each of which requires a
red, green, or blue filter. The advantage of
passive color displays is that they do away
with all those thin-film—transistor switches
| at every subpixel. The result is a display
© that is much easier to make, so manufac-
\ turing plants require one-seventh the in-
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vestment of a color AMLCD plant, ac-
cording to Hitachi’s Patton.

Consequently, major display manufac-
turers are now quoting prices between $550
and $850 for production quantities of
passive color displays, which compare with
prices in the vicinity of $1400 for color
AMLCDs. Furthermore, as of late summer,
demand for color AMLCDs has been
handily outstripping supply, so manufac-
turers are trying hard to convert OEM cus-
tomers to passive color displays, which have
been available in quantity.

Because the plant investment required
for passive color displays is relatively
modest, more players—including Kyocera

.and Optrex/Satori, Torrance, CA—can
afford the ante. That bodes well for price
competition and continued availability in the

. near term.

There is at least a chance that other ex-
| isting technologies might find ingenious ap-
plication to color laptop computers and
other portable systems, too. For example,
Miyota, Nagano Prefecture, Japan, has sug-
gested that its new miniature color-wheel
cathode-ray tube could be mounted in a
laptop case and used in a projection or
virtual-image configuration. The well-known
custom and semicustom cathode-ray tube
manufacturer, Thomas Electronics Inc. of
Wayne, NJ, has agreed to distribute the
small, lightweight tube for Miyota [see

“Return of the color wheel,” p. 20].

The development of color LCDs is a glam-

orous activity at the moment, but mono-
chrome STN LCDs are the industry’s bread
and butter. VGA panels of excellent quality
are readily available from many sources for
around $200.
IN BLACK AND WHITE. Film compensation,
which has replaced heavier and more com-
plicated dual-cell compensation techniques,
produces true black-and-white displays and all
but eliminates color distortion. In the best dis-
plays, contrast ratio, viewing angle, and cross-
talk are at very acceptable levels, while white
backgrounds are admirably free of blotchi-
ness and backlights produce acceptably bright
images with reasonably even illumination.
Displays routinely offer 16 levels of gray, and
64 levels are no longer unusual. In some, re-
sponse time is approaching 125 ms.

However, all of these characteristics can
vary widely among the displays in current
laptop computers and, to a somewhat lesser
extent, among those that OEMs may now
be purchasing in quantity. Units with similar
specifications may engender very different
subjective impressions, and thereby give the
products that contain them a substantial
competitive advantage—or disadvantage.

For battery-powered applications, a
display’s power consumption (largely a
function of the backlight) is a big issue. For
monochrome VGA laptop displays, typical

| luminance-power values are 65 cd/m? at 2W.
" Recently, some manufacturers of sub-

notebook computers—such as Hewlett-
Packard Co.’s OmniBook 300—have '

decided to run their LCDs in reflective

tirely. This design yields a very lightweight
computer that operates for hours on a few
standard penlight batteries, but it unfortu-
nately compromises image quality in all but
bright ambients.

Such problems will not last. All LCD tech-
nologies are advancing quickly, with more
pixels, finer pixel pitches, more colors or

screens have diagonals of about 14 inches for
commercial ‘tonventional” LCDs and up to
24 inches for Canon’s as yet unproved im-
plementation of ferroelectric LCD technol-

stability in previous incarnations).

LARGE-SCREEN LCDs? But they are not con-
sidered “really large,” and “really large” is
an issue. If the high-information—content
flat-panel display market is defined at one

defined at the other by the dream of 60-inch-
diagonal, high-definition television (HDTV)
screens hanging on the wall.

Currently, only one full-color, video-rate
flat-panel technology can be purchased in
the worldwide marketplace: color AMLCDs.
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Three years ago Tom Buzak and his colleagues at Tektronix inc., Beaverton, OR, raised eyebrows in their
suite at the Society for Information Display (SID) in Las Vegas. What Buzak showed was a rough demon-
stration unit of an active-matrix liquid-crystal display in which the pixels were switched not by thin-film
transistors but by a gas piasma contained in channels in the display's glass backplate.

Atthis year's SID show, Buzak, now director of Tektronix’ Display Research Laboratory, was back with
a much more polished plasma-addressed liquid-crystal display (PALCD), one having a 16-inch diag-

The required size and spacing of the plasma channels do not lend themselves to displays with very
fine pixel pitches, but the technology is relatively simple, readily scalable, and capable of video speeds.
In'short, it is a candidate for large-screen, direct-view HDTV.

Tektronix is looking for partners to help convert this well-developed technology into products. Contact
Thomas S. Buzak, Display Research Laboratory, Tektronix inc., Box 500, M/S 46-944, Beaverton, OR

—KIW

But, given the problems LCD manufac-
turers are having with the current 10-inch
glass, it is no wonder that they have no im-
mediate plans to process 60-inch glass.

Can LCD technology be a contender in
the rich HDTV market that should start de-
veloping in 1995? Perhaps eventually. One
approach is to assemble small displays into a
larger one. The concept is implemented
today—crudely—with cathode-ray tubes in
“videowalls,” but small flat panels would

process called tiling. With exquisitely
precise control of tile-to-tile alignment,
spacing, luminance, and color, researchers
think they can make the seams invisible.
But making large displays with small-display
technology is neither easy nor cheap.

Making a single large LCD could possibly

be done with a technology called plasma-ad-
dressed liquid crystal, which was first an-
nounced three years ago by Tektronix Inc.
and shown in a much more refined form at
the SID symposium in Seattle [see
“Replacing transistors with gas,” left].
THE GREAT FLAT HOPE. The most likely candi-
date for HDTV on a wall in this century is not
a variation of LCD technology at all, but a col-
or plasma display panel (PDP). Monochrome
(red-orange) PDPs have been built in sizes up
to 60 inches diagonal for some time, a size
that no other flat-panel technology has ever
approached.

Such sizes are possible because PDPs
have a fairly simple glass-sandwich
structure that scales readily. Monochrome
plasma displays use a matrix addressing
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end by the reality of laptop computers, it is |

have to be put together seamlessly in a -

mode, doing away with the backlight en-

gray levels, and larger screens [see “Xerox’s
6.3-million-pixel LCD,” p. 21]. The larger

ogy (which has suffered from mechanical in- j
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J {4] Color plasma display tech-
nology, which is based on using
color phosphors for gas-dis-

I charge pixels such as those
shown below, s the leading con-

tender for high-definition-tele-
vision-on-a-wall in this century
Photonics Imaging Inc.’s color
panel has a 30-inch diagonal
and 1024 by 768 pixels. The pho-
to [right] was taken during the
panel’s design, and only half of
the pixels are lit.

N o Row
. ‘ slectrode

Transparent
column
electrode

Gas

Glass
substrate

scheme to ionize a gas mixture containing
neon, and the neon glows with its charac-
teristic red-orange color. In color PDPs, the
gas mixture is changed to one containing
" xenon, which emits in the ultraviolet (UV)
-ather than the visible portion of the elec-
-— tromagnetic spectrum. The inner walls of
the pixels are coated with red, green, and
blue phosphors that are UV-sensitive. This
is a well-known and highly efficient
mechanism for generating light: it is used
in millions of fluorescent lamps. (Fluor-
escent lamps use ionized mercury to

v/ The direct-view high-definition television sets to be introduced in 1995 will not use flat-
banel displays at all, but cathode-ray tubes having a 16:9 aspect ratio and over 1000 horizontal

raster lines.

Werner—The flat panel’s future

generate UV radiation.)

Japan's NHK Corp. in Tokyo has been de-
veloping color PDPs for nearly two decades.
Most of this time has been spent on a PDP
variant called dc plasma, which is now pro-
ducing images of high quality but not yet
bright enough for commercial products.
Recently, the company added a program to
develop a variant known as ac plasma.

But at the 1992 SID show in Boston,
NHK, Oki, and Texas Instruments (Japan}
showed a very impressive dc-plasma HDTV
set with a 32-inch-diagonal screen. The
image quality and color rendition were ex-
cellent and, with a luminance estimated at

75 cd/m? the image was almost. bright

enough for a consumer product. This year
at SID, NHK described its work on an im-
proved 40-inch-diagonal dc plasma display.
An early exponent of color ac plasma,
Peter Friedman is president of Photonics
Imaging Inc., Northwood, OH, a long-time
maker of military monochrome PDPs. He
has been steadily developing color ac plasma
for nearly 10 years, most recently with
support from the U.S. Advanced Research

iProjects Agency (ARPA). At SID

Photonice

looking 19-inch 640-by-480 color
display with a luminance of 85
cd/m’ A brighter, 30-inch display
with higher pixel count was com-
pleted in August [Fig. 4].

The remaining classical flat-panel
technology, electroluminescence
[Fig. 5}, seems to have peaked. The
merger three years ago of Finlux,
Espoo, Finland, into Planar Systems
Inc, Beaverton, OR, left the world
with only two major electrolumi-
nescent display suppliers. In ad-
dition to Planar, there is Sharp
Corp., Osaka, which continues to
develop and introduce new
products of this type—but in a remarkably
understated way.

Planar did create a stir in Seattle by
showing the first electroluminescent display
that could reasonably be called full-color.

Planar’s substantial achievement, accom-

Glass
substrate

{5] Electroluminescent technology, once a
bopular display contender, seems to have
been relegated to the niche for bright, red-yel-
low or monochromatic displays, although
Sull-color work is being done with support
from the US. Advanced Research Projects
Agency.

plished with ARPA support, was the devel-
opment of the most efficient blue phosphor
yet. This phosphor is an impressive R&D
development, but it allows a white area lu-

, minance of only 15 cd/m*—too dim for a

commercial product by at least a factor of
four. The consensus in the display com-
munity is that unless Planar makes much
progress than most believe possible, its
work is fated to be a niche technology.
WHAT ABOUT HDTV? Large economical flat-
panel displays will not be available for the
direct-view HDTV sets to be introduced in
1995. These sets will use conventional cath-
ode-ray tubes having a 16:9 aspect ratio and
approximately 1000 raster lines [Fig. 6]. The
view of several potential suppliers is that the
most common size, at least initially, will have
a 32-inch diagonal.

For larger images, consumers will have a
choice of projection sets using either pro-
jection cathode-ray tubes or an AMLCD of
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The best of both worlds? o |

Conventional color cathode-ray tubes are bright and AR : ‘ - :

ofter high resolution, fast response, a wide viewing Line cathode B , Electrodes:

angle, and abroad spectum of colors—at coststhat -~ .\ - _

are modest with respect to display performance. , .-~ ~ . ™
On the other hand, flat panels are, well, flat 4t & 2EAS

is their flatness, accompanied generally by light ; -
weight and sometimes by low power consump-7=-
tion, that is their raison d’Btre. SRR
. The designers of most fiat panels would be hap--
py to come close to the image quality offered by .
fun-of-the-mill cathode-ray tubes (CRTs). But im- .-
age quality is not everything. In laptop comput- -
ers, for instance, users are willing to sacrifice i ‘
age quality for light weight and long batte é’%ra s *x B F , AT i ‘ 7
Starting with W. Ross Alken at the Univers o N y _ IR
Caliornia Berkeley, in 1951, periodically design- ) ) : o
ers have tried to come up with flat CRTs that woatd " <
combine the advantages of both difplay tech:
X :d RO

Signal

nologies?s

-

d o
cross between CRT and matrix-addressing tach-
nologies, which the company calls Flat Vision. . . .
Like a conventional CRT, Flat Vision uses a cath-

ode to produce electrons, a defiection system (in - o ¢
this case, electrostatic deflection) to direct the, - - 0
electron beam, and a phosphor screén with red, ?”T : a t
green, and blue (RGB) stripes, all of which are! 293w, Sl IR AL P
maintained in a vacuum. . fi o '1 , u’.; T 1 mm' ‘ ;
Butthis is nota single CRT. Contained within one .« 1 21d_Y<0 545 £6W 20Tl T, i th .. - :
fiat, evacuated bulb is an array of many CRT, built. =<7 Fﬂ Jeranhunenty £ 9l deyis ¥pe ] 05 L S em
with laminar structures for the sake of relaively eco- ™ Miatslushita’s 14-inch display is 98 mm (3.9 company say that, despite the modest initial pro- }
nomical fabrication, if the system's basic structure 1. inches) thick. The entigs TV set weighs 16.2kgand*  duction of 1000 units amonth the company's goal é
7] Were used to make a single, conventional CRT o consumies 85 W of power. Clearly, substantial  is nothing less than head-to-head competition 1
moderate size, # could not maintain focus and col-  weight and | power savings are not part of the Flat ~ with the world's color LCD manufacturers. It is - - .
Or convergence across the screen. But all of these ™ vision package. But Hlalness—in comparisontoa  projecting that Flat Vision will capture 10 percent n
CRTS are tiny in tems of their pixel dimensions. ™ conventional CRT—is. e of the worldwide disptay market—currently 140 t
The TV set that Matsushita began selling in  ~ Ag intriguing as the new technology is, it pos-  million units annually spread over all technolo- 151
Japan last month—with 442 pixels horizontally e several questions. Is 98 mm thin enough? Can  gies—by the year 2000.
and 440 pixels vertically—has nearly 10000 CRTs  resolution be brought up to the demands of high- Until Flat Vision displays are in wider distri-
in the array. That comes to 20 pixels per minl- definition television and computer monitors? A bution and subject to independent analysis, it is o
CRT, each of which is tumed on at the appropriate  gjzes grow, will the design be susceptible tomatrix ~hard to say whether Matsushita's optimism s jus- {;
time by means of the control electrode [seefigure].  crosstalk problems? Can the cost be brought tified. But, as the Japanese industrial giant's sole ‘
Electronically, such a system s very complex, BV down? (The TV introductory price is ¥288 000, o entry in the flat-panel sweepstakes, it certainly €
though switching its matrix of 10 000 elements is  about US $2700 at the current ¥105 to the dollar)  gives equipment designers and end users a nov- f
much less demanding than switching the nearly  Matsushita has clearly answered these ques- el display technology worth considering for future o
one million elements in a full-color LCD. tions to its own satisfaction. Sources withinthe  products. —KIW o
a
. moderate size employed as a light valve. | through which LCDs operate (a topic inten- | Reinhold, New York, 1985), and Handbook L
| The only other projection technology that | tionally avoided in the current article) is | of Display Technology by Joseph A. fl
© could appear in a consumer product within | Terry Scheffer and Jiirgen Nehring’s sur- | Castellano (Academic Press, San Diego, CA, tr
the next three or four years is Texas Instru- prisingly readable “Supertwisted Nematic | 1992) v
ments’ innovative array of deflectable | (STN) LCDs” It appears in Volume 1 of the The monthly Information Display Mag- Y
micro-mirrors [see the article, “Mirrors on Society for Information Display (SID) ’93 | azinme contains readable articles and b
i achip,” by Jack M. Younse, opposite.] Seminar Lecture Notes. columns on display technology, products, ap- p
Color plasma is the most likely candidate The current article’s discussion of display | plications, and marketing. It is available with ) w
for a large direct-view flat-panel display in addressing borrows from Sheffer and membership in SID or on a controlled-circu- St
this century, but Tektronix’ plasma-ad- | Nehring, but leaves most of their 60 pages | lation basis. (The society’s address is listed I
dressed LCD is an interesting possibility. | untapped. Contact the Society for Informa- | above) 1
And Matsushita entered a dark horse called | tion Display, 8055 W. Manchester Ave., Playa A remarkably rich exposure to display t
Vlat Vision in the race this summer [see | del Rey, CA 90293; 310-305-1502. issues, R&D, products, and applications is ¢
“he best of both worlds?,” abovel. Two books that survey display tech- | available at SID’s annual symposium and !
+ +0 PROBE FURTHER. While there has been a nologies in general are Flat-panel Displays | show. The 1994 edition will be held in San L
' plethora of papers on LCDs, one tutorial that | and CRTs, edited and partially written by | Jose, CA, during the week of June 13. Call I
does justice to the electro-optic effects Larry E. Tannas Jr. (Van Nostrand | the society for information. * =

2 . IEEE SPECTRUM NOVEMBER 1993 IEE:
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Sanyo NiCad Battery Cell Data Sheet



1619746681  ALEXANDER CEM LU, Ble Pz JUN 12 S5

,iyi 0 | Cell Type KR-2300SCE

Speclflcatlons
CADNICA Nominel Capacity T aooman

i e ' Nominal Voltage ‘ 12V
o — T —— . —— o —— _._*
1 D E{_hmg_n oo Standard 230mA |
A i G ing Curren . — . et —
i = ‘ ° o Fast ‘ 3500mA
} ; . , Standavd 14~16Hrs.
“Charging lime ——— . .*
}_ Fast | about 1Hr
l I | ECharge smnaard L ¥ L«~+45"C L+32°F-—113 F)ﬂ
’ 1 Ambient | Fast | °c~+45°c (+32°F~1 13°FJ
l f Temperature }Discharga ‘20°C~+60°C ( - °F~140°F]
| | Storage —3o°c—~ -+50°C (- 2997~ --122°r)
o ” 149001 mm lInternal impacance (Av.) 55{;{9
omangons | " (79294577 nen] ' (@t 50% discharae) (at 1000Hz)
itrigenz I R o AR o~ TE— et — = e
I;‘ of ’ [ p |220:%3  mm, Weight 589/2.0402
- — e ]
i Bare Cwi! L_L%‘%ML%‘:% Diménsions (D) X (H) 23U _? X 50.0 _g mm
L _.;__d 3384 inch (with tue) I L x‘f’__,_-g-oa inch

Discharge (at high rate}
—

| I l Charge: 230mA x 16Hrs, |

i ut 1 at 20C/88 F——

! N - T W
i E § 12 \“"“"- ‘ - ~ "L‘——i[
RNy e e
oy e — z
OV ETEEL LTS
j ; o8 e T T e _[
. e e SR
; L Dischargs Tine (Mime)

Discharge (at high rate)

o — ——

: T

i T_Cnar.o:.?ﬁomi\ > 19Hre. J

s ST SR — »--zurucu v ‘ 1al- — T TTa 20 Ces F
B !
—— A A LN ] U E R _j
: ' | ~ 1.3C
+— g atcy - ‘
«47/ : ' ! 10 AN \ —-{
! ‘ .
7‘ ] = “ B , — 1 !f
‘g‘ ~— - —_T_ R .-r . ] 0 o - -(GIC; . t —

.

;‘ T T T Tempergture: j

+4—

Cell Ycitage (V)
:
, !} :
v
A
|

"TA
| 1

; . : | S -
¢ P ) ) K - % w0 | 0 ) P " [) ") 2 " T
Charge Input (%) | Discharge Time (Ming) '
r)iwhargo (&t fow rate) Tempenature (Charge & Discharge)
— ! r .. .
[ ! i [ Charge: 230mA x 18Hrs T T
S| [ e
; | ‘ i Z . - _-!_ ~ |
- {l e |
u—’ ] i
. . - ! ! TO— — Charge Characteristics __*
i ——— Discrarge Chevacteristics
- " r g o— C(mﬁhm{(hﬂoa 220mA x 1§Hm ——.1_..._
! i ” | |Dcherge:480ma
3 T | J End Yor1.ow
— . @b -
10.1¢) . i
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PIG Mat Material Data Sheet



PIG* Mat absorbs
petroleums, aqueous
solutions, solvents,
and most acids and

> & PIG® Mat with  Chemicals.
Perforations!

How
1o use
ithe

Follow these easy steps to assure maximum effectiveness:

ooty e Sady

1 Clean up loose absorbents.
No clay on the floor! PIG® Mat works alone! Put PIG*®* Maton a
clean floor to catch drips or overspray. Cuts easily to any shape
with scissors or a knife. With Perforated PIG® Mat just tear off as
much as you need without having to use a utility knife!

2 Let it work.
PIG® Mat's dimpled design pulls in liquids fast. The wicking
power does the work — not you!

3 Replace when fully saturated.
It's time to replace PIG* Mat when liquid has fully

~  darkened it. » < :

You want to know more abot

Other P|G® prOdUCtS for you these products? GREAT! Jus
. call our toll-free number and we”

For Contingency send you a FREE Pigalog® a
For Leaks: For Drips: Planning: catalog filled with information on

all PIG® products.

J Calil 1-800-HOT'HOGS(455-45:

Fax 24 hrs. 1-800-621-PIGS (7a47)

= =) NEW PIG
Spill Response Kit ?2 ggﬁe‘gﬂATlO

for accidental spills / Tipton, PA 16684-0304

PIG® Absorbent PIG® Pan
- Socks

PIG" is a registered trademark of NEW PIG CORPORATION



i

Us! Gov

Material Safety Data Sheet

Product Identification: PIG® mats, item #MAT201, #MATZOZ,
#MAT217, #VAT220, #MAT221 #MAT225, #MA
#MAT231 #MAT237 & #MAT238

#MAT208, #MAT216,
AT229, #MAT230

E&tﬂﬁn PlGOahsabemprod.ncsmstbed'spasedolncompiamswmlwd state and faderal regulations. This product is cansidered non-hazardous

in its purchased or unused stat and requires no special dispasal procedures.

ﬁ Manufacturer Identitication \ (v, Reactivity Data )
Manutfacturer's Name: New Pig Corporation Stabillty: Unstable Stable X
Address: One Pork Avenue Conditions to Avoid: N/A
Tipton, PA 16884-0304 Incompatibiiity (Materiais to avold): Strong

Emergency Telaphone Number: (800) 458-4647
Telephone Number for information: (800) 4684647
(Above numbers during hours of 8 a.m. - 5 p.m. ET)

oxidizing agents may degrade product.
Hazardous Decompasition or By products: N/A
Hazardous Polymerization: Will not occur.

\_ Dote Propared: 12.06.93 ) JANR Y
G. Ingredients/Identity Information ) ﬁ" Health Hazard Data )
Chemical identity: Polypropylene: 99.7% P o A e NA
(CAS#: 9003-07-0) Health Hazards (Acute and Chronic): NA
Grey Pigment: 0.3% Carclnogenicity: NTP: NNA  1ARC: NA

OSHA Regulated: N/A

Slgna/Symptoms of Exposure: NA

(Both components considered non-hazardous) Medical Condltions Generally Aggravatad by

Protective Gloves: NA
nonflammable, neutral or less hazardous. Eye Protection: NA

Unusud Fire and Explosion Hazards: Refer to absorbed Other Protective Clothing or Equipment: N/A

Exposure: NA '
\ - j k Emergency and Rirst Aid Proceduras: NA )
ﬁ, Physical/Chemical Characteristics N ) ﬂlll. Precautions for Safe Handling and Use\
Bolling Point: N/A Steps to Be Taken in Case Material Is Released or
Vapor Pressure: N/A Spilled: In its purchased or unused form: Sweep or
Vapor Denslity: N/A vacuum product and dspose of as a non-hazardous
Solubllity in Water: insoluble material.
Specific Gravity (H,0 = 1): 0.9 Waste Disposal Method: In its purchased or unused form;
Melting Point: 320" F No spedal precautions necessary. (Not classified as a
Evaporation Rate: N/A hazard). In its used form: Dispose of all waste (based on
Appearance and Odor: Grey sheets or rolls. No odor. the companents of the iiquid absorbed) acconding 1o
\_ J federal, state, and local laws.
Precautions to Be Taken in Handling and Storing: NA
[ Other Precautions: NA (Refer 1o absorbed liquid(s)
IV. Fire and Explosion Hazard Data \ MSDS{s), for the PIG® mats do not render kiquids
Flash Polnt: 825" F (Autoigrition) \ - norflammable, neutral, or less hazardous.) )
Flammable Limhts: N'A LEL: NNA  UEL: NA
Extinguishing Media: In its purchased or unused form;
water, chermical foam, dry chemical or CO,. In its used Nm. Control Measures \
form; that which is compatible 1 quid absorbed. ‘
Special Fire Fighting Procodumiq‘:/jVaar a seti-contained Resplratory Protaction: NA .
MSDS(s), for tha PIG® mats ca ot render liquid Spedial: N/A Other: NA

Iicpld(s) MSDS(s), for the PIG® mats go not render Work/Hy ractices:
\ iquids norflammable, neutral or less hazardous. ) k glenic P NA

J

165953
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Part APPLICATION REVISIONS
No. f NEXT ASSY | USED ON LTR DESCRIPTION DATE APPROVED
-1 65440 . APWII | 1 | Engineering Release 94/07/15
ADVANCED PORTABLE WORKSTATION (APW II) PROGRAM
REV | . .
SHEET 5126|771 B(2130]31]3 41353637 B|P|0|4N|492|8B| 4445|4147 8] ®| 0] 51
REV STATUS REV - - - - . .
OF SHEETS SHEET 1 21 3] 4 6 7] 8| 9101 R|IB|lUHIISIIE[17] 18|19 |2, 2| B2%
PN LESS OTHERW SE SPECTED ONTRACT NUMB
DIMENSIONS ARE IN INCHES.
TOLERANCES ARE: SAI. Tmo‘og’,
DECIMALS ANGLES: NAS 213902 e A Division of Science Applications
\ o H An Employse-Owned Company  International Corporation
;}\\ . :io PRx-:Puu-;))  DATE THLE
/] APW II Keyboard Assembly
CTHECKED :
Wb—/‘-«q.. ‘f‘”cﬂ,y
MATERIAL APPROVED ‘
WAD anrr ile/90
APPROVED SRE CODE IDENT NO. DWG. NO. REV.
AISH QA 1
lﬂ/ﬂ/(/—— vefed| A | S4T79 65442
RELEASED T T seatE: SHEET OF
NONE 1 36
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1. SCOPE

This source control document establishes the performance, design, manufacture and
acceptance requirements for the APW II Keyboard Assembly critical item hardware
component, intended for use in the Advanced Portable Workstation (APW ID) for the
NASA Ames Portable Computer Technology Program. The configuration of the APW I
Keyboard Assembly shall be SAI Technology Part Number 654421.

2. APPLICABLE DOCUMENTS

The following documents of the exact issue shown form a part of this source control
document to the extent specified herein.

2.1. Precedence of Specifications

If any conflict exists between the technical requirements of this source control document
and that of any specification, standard, drawing or publication forming a part of this source
control document, the requirements of this source control document shall take precedence.

2.2. Government Documents

The following documents are referenced to provide clarification and guidelines in support
of meeting the requirements of this document.

2.2.1. Specifications

MIL-C-5541 Military Specification — Chemical Conversion
Coatings on Aluminum and Aluminum Alloys

MIL-A-8625 ' Military Specification — Anodic Coatings, for
Aluminum and Aluminum Alloys

MIL-W-16878/4 Military Specification Sheet — Wire, Electrical,
Polytetrafluoroethylene (PTFE) Insulated,
200°C, 600 volts, Extruded Insulatdon

MIL-A-46146 Military Specification — Adhesives-Sealants,

Silicone, RTV, Noncorrosive (For Use with
Sensitive Metals and Equipment)
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2.

22.2. Standards

MIL-STD-130G Idendfication of U.S. Military Property

MIL-STD-454K Standard General Requirements for Electronic
Equipment, Requirement 4 - Fungus Inert

Materials — 14 Feb. 1985.

MIL-STD-810E Environmental Test Methods and Engineering
Guidelines — 14 July 1989

2.2.3. Other Publications
FCC Part 15 Subpart J FCC Commercial Class A/B Title 47 Code of

Federal Regulation (CFR) 1 Oct. 1989 - Radio
Frequency Devices.

MIL-HDBK-217E Notice 1 Reliability Prediction of Electronic Equipment
3. Non-Government Documents
Not applicable

3. REQUIREMENTS

Page 8

The APW II Keyboard Assembly shall be a commercially available keyboard assembly.
The specific detailed requirements of the APW II Keyboard Assembly are described in
Section 3.

.1, Critical Item Definition

This source control document shall define the APW II Keyboard Assembly’s overall
requirements and performance including size, weight, operating modes, key groupings, test
conditions, and interface.

3.1.1.  Item Configuration

3.1.1.1. Part Number 65442-]

The APW II Keyboard Assembly Part Number 65442-1, as shown in Figure 3.1.1.1-1,
shall consist of a single assembly which includes the keyboard assembly (printed circuit
cards and components) and status indicators.
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Figure 3.1.1.1-1 APW II Keyboard Assembly (65442-1)

3.1.2.  Electrical Interface
3.1.2.1. Power Interface
3.12.1.1. Part Number 65442-1

The APW II Keyboard Assembly shall draw DC power from the computer power supply
via a header connector mounted on the keyboard assembly printed circuit board.

3.1.22. Data Interface

3.1.22.1. Part Number 65442-1

The APW II Keyboard Assembly Part Number 65442-1 shall transmit clock pulses and
exchange serial data via a header connector mounted on the keyboard assembly printed
circuit board.

3.1.3. Mechanical Interface

The APW II Keyboard Assembly shall be designed with the physical dimensions as
shown in Figure 3.2.4.1-1.

3.1.4. Operator Interface
3.1.4.1. Part Number 65442-1

The APW II Keyboard Assembly Part Number 65442-1 shall have (1) operator interface:
an 82 key keyboard.
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3.1.5. Appearance
The APW TI Keyboard Assembly shall have no defects that affect the serviceability of the
product.
3.1.6. Style and Dimensions
The APW II Keyboard Assembly Part Number 65442-1 shall conform to the style and di-
mensions shown on Figure 3.2.4.1-1. Variations in key shape, color, size or location are
subject to review and approval by SAI Technology.
3.1.7. Documentation
The APW II Keyboard Assembly shall be supplied with existing standard commercial
documentation.

3.2. Characteristics

The APW 1I Keyboard Assembly shall meet the design requirements in this section.

3.2.1.  Functional Characteristics

Page 10 Source Control Document — APW II Keyboard Assembly



SAI TECHNOLOGY
SOURCE CONTROL NUMBER 65442
REV. -

3.2.1.1.4. Keyboard Scan Codes

Each key action, for the keys listed, shall generate a unique scan code from the keyboard.
The scan codes shall be sent by the keyboard to the keyboard controller. A break code shall
be sent on release of the key. Except as noted in the scan code tables, the break code shall
consist of code FO followed by the key scan code. The keyboard mode, described in Table
3.2.1.1.2, shall determine which scan code is generated and sent to the controller. The scan
codes are described in Sections 3.2.1.1.4.1 through 3.2.1.1.4.4.

NOTE: In all cases of scan codes and scan code sequences described throughout this
document, the codes are described in hexadecimal notation.

3.2.1.14.1. Normal Mode — Pad Lock Off

Table 3.2.1.1.4.1-1 Normal Mode — Pad Lock Off
Key Scan Code
ESC 76

F1 0s
F2 06
F3 4
F4 0C
FS 03
Fé 0B
F7 83
F8 0A
F9 01
F10 09
Fl11 78
F12 07
INSERT EQ, 70
DELETE EQ, 71
1 16
2 1E
3 26
4 25
5 2E
6 36
7 3D
8 3E
9 46
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Table 3.2.1.1.4.1-1 Normal Mode — Pad Lock Off (continued)

0 45
4E
= 55
Backspace 66
) OE
TAB 0D
15
1D
24
2D
2C
35
3C
43
44
4D
54
5B
HOME EQ, 6C
CAPS LOCK 58
1C
1B
23
2B
M
33
3B
42
4B
4C
) 52
RETURN SA
END EQ, 69
L SHIFT 12
1A
22
21
2A
32
31
3A |

glo

— t—[v|o [~ |< [ [=]|m

S (el EY B oY ] (S Y PN

Z(Zzwl<|Of=|N
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» Table 3.2.1.1.4.1-1 Normal Mode — Pad Lock Off (continued)

41

. 49

/ 4A

R SHIFT 59
PAGE UP EQ, 7D

FN -

L CONTROL 14
LALT 11
SPACE 29
RALT EOQ, 11

R CONTROL EQ, 14

\ 5D

UP ARROW EQ, 75

PAGE DOWN EOQ, 7A
LEFT ARROW EQ, 6B
DOWN ARROW EQ, 72
RIGHT ARROW EOQ, 74
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32.1.142. Normal Mode — Fn Promotion

Table 3.2.1.1.4.2~1 Normal Mode — Fn Promotion
Keys Scan Code Notes
Fl Make: EQ, 12, EO, 7C PrtScr
Break: EQ, FO, 7C, EQ, FO, 12
F2 Make: 11, 84 SysReq
Break: FQ, 84, FO, 11
F3 17 Optional
F4 1F Optional
F8 27 Optional
F9 2F Optional
F10 37 Optional
Fl1 77 NumLock
F12 - PadLock
INSERT El, 14, 77, E1, FO, 14, FO, 77 Pause — NOTE 1
DELETE 14, EQ, 7E, EQ, FO, 7E, FO, 14 Break — NOTE 1
7 6C Keypad 7
8 75 Keypad 8
9 7D Keypad 9
0 7B Keypad -
BACKSPACE 7E Scroll Lock
U 6B Keypad 4
1 73 - Keypad 5
O 74 Keypad 6
P 79 Keypad +
[ 59, 46 Shift-R Parenthesis
1 59, 45 Shift-L Parenthesis
J 69 Keypad 1
K 72 Keypad 2
L TA Keypad 3
; 7C Keypad *
RETURN EQ, SA Keypad Enter
M 70 Keypad 0
. 71 Keypad .
/ EQ, 4A Keypad /

Note 1. No break code is transmitted on release of this key.
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32.1.14.3. PadLock Mode
Table 3.2.1.1.4.3~1 Pad Lock Mode
Keys Scan Code Notes

7 6C Keypad 7

8 75 Keypad 8

9 7D Keypad 9

0 7B Keypad -

U 6B Keypad 4

I 73 Keypad 5

O 74 Keypad 6

P 79 Keypad +

{ 59, 46 Shift-R Parenthesis
] 59, 45 Shift-L Parenthesis
J 69 Keypad 1

K 72 Keypad 2

L 7A Keypad 3

; 7C Keypad *

RETURN EQ, SA Keypad Enter

M 70 Keypad 0

. 71 Keypad .

/ EOQ, 4A Keypad /

3.2.1.144.  Pad Lock Mode Fn Promotion (Back to Normal Mode)

Table 3.2.1.1.4.4~1 Pad Lock Mode Fn Promotion

(Back to Normal Mode)

Keys

Scan Code

3D

3E

46

45

3C

43

44

4D

54

5B

3B

42

4B

4C

~
m

5A

3A

49

— |- ggu.r‘xu._»—'uo—‘co\ooo\x

4A
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32.1.15. Data Transmission

Data shall be ransmitted from the keyboard to the system if transmissions are not inhibited
by the system (clock line held low) and if there is some code to be transmitted: i.e. key
codes, status codes, or the resend code. If the data transmission was not successful, the
system shall transmit the Resend command (FE) to request that the code be retransmitted
by the keyboard.

Transmission shall be bi-directional in serial synchronous form, with the data stream
consisting of eleven bits: one start bit of logical zero, eight data bits, one even parity bit, and
one stop bit of logical one. Clocking of the data stream shall be done by the keyboard, even
if the system issues a request to send (data line held low) to transmit a command.

3.2.1.1.6. Data Reception

Commands shall be transmitted from the system to the keyboard by holding the clock line
low (inhibit keyboard transmission), setting the data line low (request to send), and then
releasing the clock line. The keyboard shall then acknowledge the request by clocking in the
eleven bit serial data stream. If transmission was successful, the keyboard shall send the
Acknowledge code (FA); if the transmission was not successful, the keyboard shall send
the Resend code (FE).

3.2.1.1.7. Commands and Status -
32.1.1.7.1.  System Commands

The keyboard shall accept commands issued from the system and sent through the
keyboard controller as described in Table 3.2.1.1.7.1-1.

The system shall issue a two byte command code to the keyboard for the NUM LOCK,
CAPS LOCK, and SCROLL LOCK functions. The code shall be interpreted by the
keyboard and shall illuminate the corresponding mode status indicators for which the bits
in the second byte have been set, as described in Table 3.2.1.1.7.1-1.
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Table 3.2.1.1.7.1-1 System Commands to Keyboard

Code Command
ED, 01 Set Mode Indicator: Scroll Lock
| ED, 02 Num Lock
ED, 04 Caps Lock
EE Echo
FO Select Scan Code Set
F2 Read ID
F3 Set Typematic Rate/Delay — NOTE 1
F4 Enable
' F5 Default Disable
. Fé6 Set Default
F7 Set All Keys: Typematic
F8 Make/Break
F9 Make
FA Typematic/Make/Break
FB Set Key Types: Typematic
FC Make/Break
FD ) Make
FE Resend
| FF Reset

Note 1. F2 is followed by a byte indicating typematic rate and delay. Bits 5 and 6
select the delay from 250 milliseconds +20% to 1 second +20%. Bits 0—4 select the
repeat rate from 30.0 £20% per second (00000) to 2 +20% per second (11111).
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3.2.1.1.7.2.

Keyboard Messages

The keyboard shall send messages to the system through the keyboard controller as
described in Table 3.2.1.1.7.2-1. The keyboard shall acknowledge system commands by
sending the Acknowledge code (FA) to the system and then shall execute the command,
except in the case of the Echo command where the keyboard shall send back the Echo code
(EE) to the system instead of the Acknowledge code.

Table 3.2.1.1.7.2-1 Keyboard Messages to System
00 or FF Error

AA Test OK

EE Echo Response

FO Break Prefix

FA ACK

FC Diagnostic Failure

FE Resend

The keyboard shall send status codes to the system under the following conditions:

At the end of the reset routine the keyboard shall send the Diagnostic OK code
(AA) or the Diagnostic Failure code (FD);

After receiving a command the keyboard shall send an Acknowledge code (FA) or
the Resend code (FE);

If the FIFO becomes full and one or more keycodes are received causing a buffer
overrun, the Error code (00 or FF) shall be sent after sending all the 16 codes in the

FIFO;

If conditions in the kcyboard make it impossible to identify a switch closure or to
identify a key, the Error code shall be sent (00 or FF);

The two byte keyboard ID (83, AB) shall be sent in response to the READ ID

command.
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32.1.1. Keyboard

The keyboard assembly shall consist of an alphanumeric American Standard 82 key
‘QWERTY’ style keyboard with function keys, screen/cursor control keys and four
keyboard status indicators. The keyboard shall support the IBM-PC AT type 101-key
keyboard functions. Figure 3.2.1.1-1 shows the overall view of the keyboard.

'Nga cAps SCROLL Péo:'

\LOCK LOCK LOCK LOCK

r e ~\7 N —\/ “\/ /" 1( N =~/ N N
Esc | F1 F2 3 F4 Fs5 s HF? Fe Fo Flo fF11 JF12 [ins Del
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! @ p# $ % f * & . ( ) - |+ [Bacswace -~
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sz fx Jo fv e InfuT<T> ?(Qsmnup
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[jn ][cm Alt [ Alt ]Tcm ! 4
) A J )

Figure 3.2.1.1-1 Keyboard

The keys shall repeat, after a short delay, when they are pressed and held down.

The keyboard electronics shall be capable of supporting 82 keys with minimum 3-key
rollover and shall support, as a minimum, the following functions:

*  Reset the keyboard microcontroller and initialize variables upon power up or
software reset.

* Scan the keyboard for key status changes.
* Transmit any available data or status (if enabled by the system).

* Receive, acknowledge, and execute commands from the system.
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3.2.1.1.1.. Keyboard Reset

The keyboard shall execute the reset routine for initial power on, and thereafter upon a
software Reset command (FF) from the system. The reset routine shall first initialize the
keyboard by initializing the FIFO (First-In-First-Out data buffer), clearing the key status,
resetting the counters, and enabling the key click (unless it was disabled and it is a software
reset).

The reset routine shall then test the RAM and perform a ROM CHECKSUM. If all tests
pass, the reset routine shall then send a Diagnostic OK code (AA) to the system. If one of
the tests failed, a Diagnostic Failure code (FC) shall be sent to the system.

3.2.1.1.2. Keyboard Modes

The keyboard shall have four different modes. There shall be two “Normal” modes and
two “Pad Lock” modes, each with an associated function key (Fn) promotion. Fn
Promotion is achieved by holding down the Fn key while pressing another key. The four
modes are described in Table 3.2.1.1.2-1.

Table 3.2.1.1.2-1 Keyboard Modes

Normal Mode — Pad Lock Off

Normal Mode — Fn Promotion

Pad Lock Mode — Pad Lock On

Pad Lock Mode — Fn Promotion (Back to Normal Mode)

32.1.1.3. Keyboard Scan

The keyboard shall be continuously scanned to detect key changes, unless keyboard
scanning is disabled by a Default Disable (F5) command from the system. If there is a
change detected after a rebounding delay, or if the last key pressed is still down after a
repeat delay, the code for that key change shall be sent to the keyboard controller in the
computer.
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3.2.1.18. Multipurpose Keys

The 82-key keyboard shall support the entire IBM-PC AT 101-key function set by way of
Key press combinations and/ or various keyboard modes.

The various functions for each key are indicated by color coded symbols on top or on the
front of the key. The character or action that a specific key enters, shall be determined by
the combination of the character key and either the FN key, or the SHIFT key, and by the
operating mode of the keyboard as described in Section 3.2.1.1.2

3.2.1.3. Status Indicators

The APW 11 Keyboard Assembly shall have four status indicators that shall illuminate to
show positive functioning of the respective keyboard status. The state of the status
indicators shall be unambiguous when viewed in direct sunlight. The indicators and their
functions are described in Table 3.2.1.3-1 and in Section 3.2.1.1.7.1. Figure 3.2.1.1-1
shows the approximate location of the status indicators located above the F9, F10, F11, and
F12 function keys on the top row of keys.

Table 3.2.1.3-1 Status Indicators

Status Indicator - Function

NUM LOCK Number Key Function Lock
' CAPS LOCK Caps Key Lock

| SCROLLLOCK | Scroll Key Function Lock

.f PAD LOCK Pad Key Function Lock

| S—
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3.2.2. Performance Characteristics
The keyboard shall meet the mechanical performance test conditions described in Table
3.2.2-1.
Table 3.2.2-1 Mechanical Performance Test Conditions
; Item Test Conditions Requirements
J Actuating Placing the key such that the direction is vertical 70+25¢
| Force and then gradually increasing the load applied to
; the center of the stem, the maximum load required
‘ for the stem to come to a stop shall be measured.
~ Travel Placing the key such that the direction is vertical 23%x.5 mm
: and then applying a static load twice the actuating
‘ force to the center of the stem, the travel distance
| for the stem to come to a stop shall be measured.
| Stop Strength | Placing the key such that the direction is vertical, a | There shall be no
static load of 5 kg shall be applied in the direction | sign of damage
1 of stem operation for a period of 60 seconds. mechanically or
; electrically
; Stem Placing the key such that the direction is vertical, 2.5kg
. Strength the maximum force to withstand a pull applied
! opposite to the direction of stem operation shall be
measured. :
Taculity The center of the stem shall be struck lightly at a Free of noticeable
rate encountered in normal use (3 to 4 operations binding
! per second)
Peak Load Placing the key such that the direction is vertical 55*15¢g
| and then gradually increasing the load applied to
the center of the stem, the maximum load required
, for the key to make shall be measured.
Crew Ap- The keyboard shall withstand crew loads of 57 kg | 57 kg
. plied Loads | from any direction distributed over an area of one
’ square foot without failure.
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3.2.3. Electrical Characteristics
3.2.3.1. Power Requirements

The APW II Keyboard Assembly shall comply with the voltage and current specified in
Table 3.2.3.1-1. Decoupling capacitors shall be provided within the keyboard electronics.

Table 3.2.3.1-1 Keyboard Power Requirements

Voltage Current
+5 VDC £10% 300 mA Max.

32.3.1.1. Part Number 65442-1

Power for APW II Keyboard Assembly Part Number 65442-1 shall be provided through
pin contact 4 of the circuit board header connector, with logic ground on pin contact 3. See
Section 3.2.3.6.1.

3.2.3.2. [Interface Logic Levels

Logic levels at the interface connector shall conform to standard SV TTL or CMOS voltage
levels. ’

The clock and data lines shall be driven by buffers with 2 kQ pull-up resistors and 47 pF
capacitors to ground.

3.2.3.3. KeyContacts
The key contacts shall conform to the specifications in Table 3.2.3.3-1.

Table 3.2.3.3-1 Key Contact Specifications

| Type of actuation Momentary
Contact Arrangement Single pole single throw
Contact Minimum Ratings 12 VDC @ 5 mA

3.2.34. Interface

The keyboard shall operate with standard IBM-PC type computers and shall communicate
using the keyboard serial data interface.
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3.2.35. Status Indicators

The APW II Keyboard Assembly status indicators shall be driven by the keyboard and
shall not require an additional external source of power.

3.2.3.6. Interface Connector
32.36.1. Part Number 65442-1

The APW II Keyboard Assembly Part Number 65442-1 interface shall be a Molex 5268—
NA Series 6-pin right angle fully shrouded header connector, and shall be mounted on the
circuit board approximately as shown in Figure 3.2.4.1—1. The contact assignments for the
connector shall be as described in Table 3.2.3.6.1-1.

Table 3.2.3.6.1-1 Connector Contact Assignments (65442-1)

Position Function
1 KEYBOARD CLOCK
2 KEYBOARD DATA
3 KEYBOARD LOGIC GND
4 KEYBOARD +5V DC"
5 N/C
6 KEYBOARD CHASSIS GND

MOLEX 5268-NA
(MATE 5264-N)

© 0 0o 0o o
A\

— ?

PIN1—/

Figure 3.2.3.6.1-1 Connector Configuration (65442-1)
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3.24. Mechanical Characteristics

3.24.1. Dimensions

The APW II Keyboard Assembly shall comply with the dimensions as shown in Figure
3.2.4.1-1 for Part Number 65442-1. ‘
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NOTES UMLESS OTHERWISE SPECIRED:

1. DIMENSIONS AND TOLERANCING PER ANSI Y14 5M 1982

2. DIMENSIONAL TOLERANCES REQUIRED:
XX - £03
XXX « 2010
3 FRONT PANEL MATERIAL: 5052-+34 AL ALLOY

4 FRONT PANEL FINISH:
FRONT AND BACK SIDE - ANODIZE PER MIL-A862S TYPE il, CLASS 1, BLACK,
EXCEPT AROUND PERIMETER EDGE. SEE NOTE §
S REAR OF FRONT PANEL TO BE FREE OF ANODIZE OUTSIDE THE PERIMETER
OF THE KEYBOARD PWA. THIS PERIMETER AREA SHALL BE CHEM FILM TREATED, YELLOW

6 OIMENSION INCLUDES SCREW HEADS ANO SOLDER LEADS.

Figure 3.2.4.1-1 Physical Dimensions (65442-1)
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3242, Weight

The APW II Keyboard Assembly, including cable and connector, shall not exceed 2.0 Ib.
(907 g).

3.243. Keytop Legends

The APW II Keyboard Assembly keytop legends shall be double shot molded,
sublimation printed, or by other equivalent durable manufacturing technique.

3.244. Marking

The APW TI Keyboard Assembly shall be clearly marked with the information in Table
3.2.4.4-1 in the location shown in Figure 3.2.4.1-1. The vendor’s identification and
identifying number may also be included.

Table 3.2.4.4-1 Marking

54779 SOCN 65442 (applicable dash number)
Serialization Number

3245. Keycap Color

The keycaps of the APW II Keyboard Assembly shall be off white in color. The legends
shall be black for the key primary function and blue for secondary functions (such as in
padlock mode). The vendor shall submit sample keys with legends of both colors to SAI
Technology for approval.

3.2.5. Documentation
Existing standard commercial documentation shall be provided. This documentation shall,

as a minimum, describe the hardware, interfaces, capabilities and specifications and
provide the user with installation, set-up, interfacing, and diagnostic guidelines.
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3.2.6. Reliability

The APW II Keyboard Assembly shall have a predicted mean-time-between-failures
(MTBF) of no less than 12,000 hours. These MTBF figures are predicted on the basis of
component failure rates per MIL-HDBK-217E Notice 1 assuming the following
conditions:

* Ambient (free air) temperature 25°C.
* Ground Fixed Environment.
3.2.7. Mainainability
The APW II Keyboard Assembly shall have no user-maintainable components.
3.2.8. Environmental Conditions
The APW II Keyboard Assembly shall perform within specified limits subsequent to

exposure to the environmental conditions specified in the following paragraphs. These
environmental conditions shall use MIL-STD-810E procedures, or equivalent, as limited

herein.
Table 3.2.8-1 Ambient Temperatures
Operating Non-Operating
0 to +65 °C (+32 to +149 °F) -251t0 +75 °C (=13 to +167 °F)

3.2.8.1. Operating Temperature

The APW II Keyboard Assembly shall be capable of continuous operation over an ambi-
ent air temperature range as shown in Table 3.2.8-1. The APW II Keyboard Assembly
shall not require external cooling or heating other than natural convection for continuous
operation.

3.2.8.2. Non-Operating Temperature
The APW II Keyboard Assembly shall be designed so that it will not be damaged nor will

the operational performance be degraded when restored to the operating temperature range

after exposure for a 72 hour period in a non-operating ambient temperature range as shown
in Table 3.2.8-1.
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3.2.8.3. Temperature Shock

The APW 1I Keyboard Assembly shall operate without degradation of specified perfor-

mance after being subjected to variations in temperature in the non-operating mode as
shown in table 3.2.8.3-1.

Table 3.2.8.3—-1 Temperature Shock

| +49 10 -25 °C (+120 to —13 °F) in a 10 minute interval

3.2.84. Operating Humidity

The APW II Keyboard Assembly shall be designed so that it shall operate during and after
exposure to humid conditions, including conditions where condensation occurs, as shown
in Table 3.2.8.4-1.

Table 3.2.8.4-1 Relative Humidity

Operating Non-Operating
| 101095 % 51095 %

3.2.85. Non-Operating Humidity .

The APW 1I Keyboard Assembly shall be designed so that it will survive exposure to
humid conditions, including conditions where condensation occurs, as shown in Table

3.2.8.4-1.
32.86. Aliude

The APW II Keyboard Assembly shall operate without degradation of specified perfor-
mance at altitudes from sea level to 30,000 feet.

3.2.8.7. Fungus

The APW II Keyboard Assembly shall not contain exposed fungus nutrient materials.
Only inherently fungus inert materials shall be used in the APW II Keyboard Assembly.
The APW II Keyboard Assembly shall not support fungus growth. Table 3.2.8.7-1
summarizes the susceptibility of materials.
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Table 3.2.8.7-1 Fungi Susceptibility of Materials

(from MIL-STD-454K Table 4-I)
GROUP I
(Fungus-inert in all modified states and grades)
Acrylics Polyamidel
Acrylonitrile-styrene Polycarbonate
. Acrylonitrile-vinyl-chloride copolymer Polyester-glass fiber laminates
Asbestos Polyethylene, high density (>.94)
Ceramics Polyethylene terephthalate
Chlorinated polyether Polyimide
Flourinated ethylenepropylene copolymer Polymonochlorotrifluoroethylene
(FEP)
Elass Polypropylene
Metals Polystyrene
Mica Polysulfone
Plastic laminates: Polyteuiﬂuoroethylcne
Silicone-glass fiber Polyvinylidene chloride
Phenolic-nylon fiber Silicone resin
Diallyl phthalate Siloxane-polyolefin polymer
Polyacrylonitrile Siloxane-polystyrene
GROUP I
(Not fungus-resistant in all grades;
fungus resistance shall be established by test)
' ABS Polydiclorostyrene
 Acetal resins Polyethylene, low and medium density (.94
and below)
Cellulose acetate Polymethyl methacrylate
Cellulose acetate butyrate Polyurethane (the ester types are particularly
susceptible)
Epoxy glass fiber laminates Polyricinoleates
Epoxy resin Polyvinyl chloride
Lubricants Polyvinyl chloride acetate
Melanine-formaldehyde Polyviny! fluoride
Organic polysulphides Rubbers, natural and synthetic
| Phenol-formaldehyde Urea formaldehyde

I' Literature shows that under certain conditions polyamides may be attacked by selective micro-
organisms. However, for military applications they are considered Group .
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32.88. Dust Seal

The APW I Keyboard Assembly be sealed against dust and shall operate without degrada-
tion of specified performance after being subjected to a dust filled environment.

3.2.8.9. Vibration

Any integrated circuit devices which are installed in sockets on the APW II Keyboard

Assembly shall be equipped with a positive-retention mechanism such as a latch, strap, or
similar device.

The APW II Keyboard Assembly shall be able to withstand, at 2 minimum, a random
vibrational force over a frequency range of 20 to 2000 Hz in the operating and non-
operating modes as described in Table 3.2.8.9-1.

Table 3.2.8.9-1 Vibration

Frequency Force
20Hz .02 G¥/Hz
20-80 Hz +3 dB/ octave
80-500 Hz .08 GZ/Hz
500-2000 Hz -3 dB/ octave

3.2.8.10. Shock

The APW II Keyboard Assembly shall be able to withstand a shock for a period of 11 ms,

172 sine-wave pulse, in the operating and non-operating modes as described in Table
3.2.8.10-1.

Table 3.2.8.10-1 Shock

, Operating Non-Operating
| 40 G 40G

32.8.11. Orientation
The APW II Keyboard Assembly shall be capable of being operated in any orientation.
3.2.8.12. Explosive Atmosphere

The APW II Keyboard Assembly shall not cause ignition of any ambient explosive
gaseous mixture with air when operating in such an atmosphere.
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3.2.9.  Transportability
The APW II Keyboard Assembly shall be shipped in a shock resistant container suitable
for standard common-carrier transportation.
3.3. Design and Construction

The detailed design and construction of the APW II Keyboard Assembly shall meet the
environmental, electrical and mechanical criteria established in Section 3.2.

3.3.1. Materials, Processes and Parts

Parts, materials, and processes shall be specified as appropriate to obtain the desired
electrical, mechanical, environmental and reliability characteristics of this source control
document. Materials used in the construction of the APW II Keyboard Assembly which
are not covered by applicable specifications shall be of the best commercial quality.

Processes and treatments (welding, soldering, brazing and corrosion-resistance protection)
of the APW II Keyboard Assembly shall be in accordance with best commercial practice.

3.3.1.1. Finish

The keyboard mounting panel shall be black anodized per MIL-A-8625, Type II, Class I
on the front side and shall be chem film treated per MIL-C-5541 Class 3, yellow on the
back side. (See Figures 3.2.4.1-1 and 3.24.1-2).

3.3.1.2. Conformal Coating

All printed wiring boards that make up the APW II Keyboard Assembly shall be
conformal coated using Dow Corning 3140 RTV silicone rubber coating per MIL-A-
46146 Type I1. If required, key contact areas may be free of conformal coating.

3.3.2.  Electromagnetic Radiation (EMI)

The APW II Keyboard Assembly shall meet the requirements of FCC Part 15, Subpart J,
Class B for radiated emissions when properly installed as a component of the
LSLE/Microcomputer-2.

3.3.3. Identification and Marking

The APW II Keyboard Assembly shall be marked in accordance with best commercial

standard practice, and shall show the information in Section 3.2.4.4, in accordance with
MIL-STD-130.
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3.3.4. Workmanship

Workmanship in the fabrication and assembly of the APW II Keyboard Assembly shall
comply with best commercial standard practice. The fabrication shall be processed in such
a manner as to be uniform in quality and shall be free from defects that would affect life,
serviceability, and appearance.

3.3.5. Interchangeability

All parts having the same part number shall be functionally and dimensionally
interchangeable.

3.3.6. Human Performance and Human Engineering

Human engineering design criteria and principles shall be applied in the design of the APW
II Keyboard Assembly so as to achieve safe, reliable and effective performance by
operator, maintenance and control personnel and to optimize personnel skill requirements
and training time. The APW II Keyboard Assembly shall be designed to insure maximum
efficiency, ease of use, operator safety and minimum degradation and variability in system
performance.

3.3.7.  Product Change

Vendor shall notify SAI Technology'in writing prior to the implementation of any change
to the product under this source control document which would affect performance,
quality, reliability, size, weight, or interchangeability of parts.

SAI Technology must issue written approval prior to the implementation of these changes.
A SAI Technology representative's signature must appear on the original change request
form and be part of the permanent record.

3.3.8. Standards of Manufacture

The manufacture of the APW II Keyboard Assembly shall comply with best commercial
standard practice.

3. 4. Acceptance Testing
Each APW II Keyboard Assembly shall be subjected by the vendor to a 24 hour burn-in at

a minimum temperature of 20°C. The vendor shall certify compliance to this source
control document for all assemblies after this burn-in period.
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3.5. Approved Source(s) of Supply
Only the item(s) described by this document when procured from the vendor(s) listed in
Table 3.5-1 is approved for use in the application specified hereon. A substitute item shall
not be used without prior approval by SAIT.

Identification of the approved source(s) of supply hereon is not to be construed as a
guarantee of present or continued availability as a source of supply for the item(s).

Table 3.5-1 Approved Source(s) of Supply

Dash Manufacturer Manufacturer
Number Part Number
-1 TBD Flex-Key Corporation

Emerson Ave.
Gloucester, MA 01930
(508) 281-2040

4. QUALITY ASSURANCE PROVISIONS
4.1, General

All deliverable items shall be inspected and tested according to best commercial practice,
and in accordance with the acceptance criteria of paragraph 3.4. herein.

4.2, Responsibility for Inspection
Unless otherwise specified in the contract, purchase order, or this source control document,
the manufacturer is responsible for the performance of all inspection requirements to insure

compliance with this source control document. Except as otherwise specified, the man-
ufacturer may utilize its own facilities or any commercial laboratory.

4.2.1. Special Tests and Examinations

4.2.1.1. Altitude

The APW II Keyboard Assembly shall be subjected to the altitude test specified in MIL-
STD-810E, Method 500.3, Procedure II at 30,000 feet, or an equivalent procedure to

demonstrate the required performance. Specific requirements are contained in Section
3.2.8.6.
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42.12. Temperature

The APW II Keyboard Assembly shall be subjected to the temperature test specified in
MIL-STD-810E, Method 501.3, Procedures I and II, and Method 502.3, Procedures I and
I, or equivalent procedures to demonstrate the required performance. Specific
requirements are contained in sections 3.2.8.1 and 3.2.8.2.

42.13. Temperature Shock

The APW II Keyboard Assembly shall be subjected to the temperature shock test specified
in MIL-STD-810E, Method 503.3, Section II-3, or an equivalent procedure to demonstrate
the required performance. Specific requirements are contained in Section 3.2.8.3.

42.14. Fungus

The APW II Keyboard Assembly shall be subjected to analysis to verify the requirements
of Section 3.2.8.7. are met.

42.15. Vibration
The APW II Keyboard Assembly shall be subjected to the vibration test specified in MIL-
STD-810E, Method 514.4, Procedure I, or an equivalent procedure to demonstrate the

required performance. Specific requirements are contained in section 3.2.8.9.

4.2.1.6. Shock

The APW II Keyboard Assembly shall be subjected to the shock test specified in MIL-
STD-810E, Method 516.4, Procedures IV and VI, or an equivalent procedure to
demonstrate the required performance. Specific requirements are contained in section
3.2.8.10. :

42.1.7. Orientation

The APW II Keyboard Assembly shall operate when oriented in any axis. Specific re-
quirements are contained in Section 3.2.8.11.

42.18. Explosive Atmosphere

The APW II Keyboard Assembly shall be subjected to analysis to verify the requirements
of Section 3.2.8.12. are met.
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4.3. Analysis

The vendor shall demonstrate by analysis that all requirements of this source control
document are met. The analysis must demonstrate, in particular, that the expected service
life will be met under the stated parameters and conditions.

4.4. Right of Inspection

SAI Technology shall have access to all test equipment or facilities for performance of
acceptance inspections at no cost to SAI Technology. Inspections will be limited to those
activities that are specific and required to manufacture and test the APW II Keyboard
Assembly.

PREPARATION FOR DELIVERY

wn

Packaging shall be to best commercial practice.
6. NOTES

10. APPENDIX A - List of Acronyms and Abbreviations

dB Decibel ) -
FIFO First-In-First-Out (data buffer
g gram

Hz Hertz

kg klogram

kQ kilohm

1b. pounds

mm millimeter

ms millisecond

MTBF Mean Time Between Failures
MQ Megohm

N/C No Connection

P/N Part Number

pF picofarad

PTFE Polytetrafluoroethylene

°C Degrees Celsius

°F Degrees Fahrenheit

Q Ohm
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THERMAL, EMI TEST RESULTS



Thermal Survey Data Test Results
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EMI Test Results



EMI TESTS - APWII

TEST DATE: 5/23/95 :
TEST OPERATORS: SAIC: TIM GIORGETTA

: TELEDYNE-RYAN: EVERETT
UNIT UNDER TEST (UUT) : WNE WITH BATTERY MODULE, DISPLAY
MODULE, AND KEYBOARD MODULE
INSTALLED.

RE02 UUT SCAN 1:
The purpose of this scan was to establish a baseline characterization of the UUT.
Noticeable outages were between 4AMHZ and 400MHZ HORIZONTAL
and VERTICAL polarization. NASA specification (MSFC 521B) was penciled in
above the MIL-STD-461 limits. Based on scan 1’s results it was decided to
“SNIFF” the UUT to determine the major radiated emissions sources.

See ATTACHMENTS - PLOT TIME: 09:35 on 05:23:95.

SNIFFER:
2-25MHZ RANGE
Display - lower left corner
0.59MHZ spikes and 2.07MHZ spikes
Floppy Disk Drive Opening
0.59MHZ spikes
Battery Cable - charging from DC
0.59MHZ spikes at end of spectrum
Battery Cable - UUT power from battery
0.59MHZ spikes
25-100MHZ
Battery Cable - charging from DC
IMHZ spikes
Display - lower left corner
6.16MHZ spikes and 2.03 MHz spikes
100MHz - 200MHZ
Display - lower left corner
6.14MHZ spikes
Battery Cable - charging from DC
little noise
200MHZ - 400 MHz
Display - lower left corner
24 5TMHZ spikes and 6. 14MHZ spikes

See ATTACHMENTS FOR VARIOUS RANGES AND LOCATIONS.



RE02 HP OMNI BOOK:
Out in lower frequency ranges (14KHZ to 2MHZ).
See ATTACHMENTS - PLOT TIME: 12:08 on 05:23:95.

REO02 UUT SCAN 2:
From “SNIFFER” data it was determined the the display opening was the largest
contributor of radiated noise. This scan was taken with the display opening sealed
off with a grounded sheet of aluminum foil. The results were greatly improved.
Improved HORIZONTAL polorization reading except for one signal at
approximately 14MHZ. This scan indicates that most of the radiated noise is
coming out of the display window frame; lower left corner. A noticable amount of
noise was still visible in the VERTICAL polarization.

See ATTACHMENTS - PLOT TIME: 13:21 on 05:23:95

RE02 UUT SCAN 3:
This last scan is the same as scan 2 except the battery has been removed from the
system. It appeared from “SNIFFING” the UUT that the second major noise
contributor was the battery cable. This plot is slightly better than the previous
one, indicating that the battery module/cable is adding a small amount of noise to
the system. The only remaining outage in this configuration is a 18S MHZ signal in
the VERTICAL polarization. It’s source to be determined with future testing.

See ATTACHMENTS - PLOT TIME: 14:20 on 05:23:95
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APPENDIX 6

POWER SUPPLY TEST RESULTS



POWER TESTS - WNE

TEST DATE: 6/1/95 :

TEST OPERATOR: TIM GIORGETTA

UNIT UNDER TEST (UUT) : APW II WITH PROXIM WIRELESS, BATTERY
MODULE, DISPLAY MODULE, AND
KEYBOARD MODULE.

POWER CONSUMPTION IN WORKING MODE

PURPOSE: To determine the working mode power consumption for the three
operating voltages: 23 VDC, 28 VDC, and 32 VDC.

TEST EQUIPMENT:
UUT:
Serial Number: 001
FLUKE Multimeter:
Model Number:; 87
Serial Number: 5444058
Hewlett-Packard Power Supply:
Model Number: 6274B
Serial Number: 3222A-11185
TEST DESCRIPTION:

Test configuration per attachment 1. Current measured on primary low
side. Voltage measured at UUT. Power calculated from voltage and
current readings.
RESULTS:
V =23.00 VDC
1=2.40 ADC
P =(23.00V * 2.40A)=5520 W
V =28.00 VDC
I1=1.97 ADC
P=(28.00V * 1.97A)=55.16 W
V =32.00 VDC
I=1.72 ADC
P =(32.00V * 1.72A) = 55.04 W



STARTUP CURRENT - AMPLITUDE AND DURATION

PURPOSE: To determine the startup currents maximum amplitude and pulse width for
the three operating voltages: 23 VDC, 28 VDC, and 32 VDC.

TEST EQUIPMENT:
UUT:
Serial Number: 001
FLUKE Multimeter:
Model Number: 87
Serial Number: 54440548
Hewlett-Packard Power Supply:
Model Number: 6274B
Serial Number: 3222A-11185
Tektronix Current Probe:
Model Number: TMS01A
Serial Number: B012595
TEKTRONIX Oscilloscope:
Model Number: TDS 540
Serial Number: B024348
TEST DESCRIPTION: '

Test configuration per attachment 2. Current is measured from primary
low side with current probe. Voltage measured at UUT input. -
RESULTS: SEE ATTACHMENTS 5-10 FOR PLOTS
V =23.00 VDC
IpEAK =13.36 ADC
= (53.20mV) * (1DIV/10mV) * (SA/DIV)
touraTioN = 289 us
V =28.00 VDC
IpEA]( =23.10 ADC
= (46.20mV) * (1DIV/10mV) * (SA/DIV)
tpuraTiON = 297 us
V =32.00 VDC
IpEAK =26.60 ADC
= (66.80mV) * (1DIV/10mV) * (2A/DIV)

tburaTion = 281 us



ELECTRICAL INSULATION STRENGTH TEST

PURPOSE: To determine the insulation strength between primary high side and chassis
ground and also between primary low side and chassis ground.

TEST EQUIPMENT:
UUT:
Serial Number: 001
FLUKE Multimeter:
Model Number: 87
Serial Number: 54440548
TEST DESCRIPTION:

Test configuration per attachment 3. Primary high side measured with

DMM. to V4 and DMMcom to Vc (chassis GND). Primary low side

measured with DMMcom to Vg and DMM., to Vi (chassis GND).
RESULTS:

VA TO V¢ > 20 MOHM

Vg TO V¢ > 20 MOHM



ELECTRICAL INSULATION RESISTANCE AND BREAKDOWN
TEST

PURPOSE: To determine the amount of leakage current when +100 VDC and -100
VDC are applied between the primary high side and chassis ground and
between the primary low side and chassis ground.

TEST EQUIPMENT:
UUT:
Serial Number: 001
FLUKE Multimeter:
Model Number: 87
Serial Number: 54440548
Hewlett-Packard Power Supply:
Model Number: 6274B
Serial Number: 3222A-11185
Hewilett-Packard Power Supply:
Model Number: 6274B
Serial Number: 3035A-11015
TEST DESCRIPTION:

Test configuration per attachment 4. Apply +100 VDC between V, and
Vc and also between Vg and V. Apply -100 VDC between V4 and Ve
and also between Vg and Vc. Measure leakage current in all four cases.
RESULTS:
+100 VDC APPLIED
VaTO V¢
ILEAKAGE = 0000mA
Vs TO V¢
ILEAKAGE = 0000mA
-100 VDC APPLIED
VA TO V¢
ILEAKAGE = 0000mA
Vs TO V¢
ILEAKAGE = 0000mA
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SNB CONFORMAL COAT PROCESS

Date: 5/26/95

Subject: Dis-assembly of NASA Ames GFE (Subnotebook: Hewlett Packard Omnibook
600C, S/N US50700339)

The following lists the steps taken to dis-assemble the Subnotebook (SNB).
1. Removed all peripheral devices from the SNB.

* Floppy Drive

¢ Hard Drive

* PCMCIA Card Bracket
* Battery Pack

* Rear I/0 Cover Plate

2. Removed visible screws from bottom of SNB
3. Removed Rubber foot pads and then removed screws which were underneath.
4. Ejected mouse and removed screw located on inside of mouse cavity.

5. At this point the bottom half of SNB can be separated from the display housing (top half
of SNB).

Caution: there are several cable connections (3) preventing the bottom half from being
completely disconnected from the top half.

6. Disconnected the three connectors (the two near the front end of SNB. The third
connector is the display connector near the rear right of SNB). Removed the screw attached
to the lug. This is part of the display coonector. The next step should be to remove the
hinge plate. If not careful the hinge plate will fall out and re-assembly will be more difficult
(see step 7).

7. The hinge plate fell out of the assembly. It was undetermined as to how it was
assembled. There was a spring mechanism which also fell out. This made the re-assembly

difficult because the assembler was unable to recall how this particular assembly was
assembled.

8. Once steps 1 through 7 are complete, the bottom half of the unit can be completely
detached from the rest of the unit.

9. The circuit board is mounted in the bottom half and is secured by mounting screws.
10. Removed all the mounting screws holding in the circuit board.
11. Removed all the ribbon cables which were attached to the circuit board.

12. Removed the studs from the /O connector panel (the three connectors looking at rear of
unit left to right)

13. Removed I/O panel from bottom housing.



14. Removed Circuit board from bottom housing.
115. Board was sent to SAIC Conformal Coat process room for conformal coating.

16. In addition to conformal coating the SNB, SAIC was requested to dis-assemble the
display housing and evaluate the display and also analyze the SNB circuit board battery
design etc.

After examination of the display housing, it was determined that dis-assembly would be
destructive to the housing. NASA Ames was notified of this and agreed to not dis-
assemble the display housing.

SAIC did attempt to evaluate the battery design. Without schematics, or a parts list, it was
difficult to make any conclusions. SAIC was able to identify what appeared to be three

batteries rated at 5.5 volts each. Identification of the manufacture name and part number
was difficult. The nomenclature located on the batteries was small and indiscemible.

17. The circuit board was returned from conformal coating.
18. Re-assembly consisted of performing the dis-assembly steps in reverse order.

19. After the unit was completely re-assembled it was powered on to verify operation.
SAIC confirmed SNB operation to be satifactory.
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APW II ACCEPTANCE TEST PROCEDURE/RESULTS
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SAIC - Acceptance Test Procedure APW 11

1. EQUIPMENT REQUIRED

1.1~ This ATP verifies the operation of the four major modules in the APW II
computer. Table 1 defines the APW II hardware to be tested.

Table 1
Item Model/Part Number | Description
65460-1 Includes CPU, Power supply, 32 MB

Server Module

RAM, Floppy Drive, Dual PCMCIA
Sockets, Removable Hard Drive, SCSI
Port, Etehrnet Port, NTSC Port, SVGA
Port, Trackball and Keyboard Ports, RS232
and RS422 Ports, and Parallel Port

Display Module 65430-1

Keyboard Module | 65410-1

Battery Module 65420-1

Battery Cable 65407-1

Display Cable 65405-1

Keyboard Cable 65406-1

External Power 50362-1

Supply

1.2 TEST SET-UP

1.2.1

Ensure all equipment power switches are OFF.

1.2.2 Enter Part Number and Serial Number of the UUT, and the date on the
Acceptance Test Record here. Signature to be added after completion of
testing.

Part Number

Serial Number

Date:

Test Technician: /

Signature Date
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SAIC - Acceptance Test Procedure APW 11

1.2.3 The following diagram illustrates the test setup for the APW II ATP test:
+28V '
KEYBOARD
MODULE
e APW I
K d
65460-1 Cable
65406-1
DISPLAY
BATTERY MODULE
MODULE 65430-1
65420-1 Displ
Battery C p'ay
able
Cable 65405-1
65407-1 :
Test Set-Up
1.3 START TEST
1.3.1 Power On APW 11
1.3.2 Press F5 key when "starting MS-DOS Prompt." This will bypass system
setup and free-up the necessary memory to run Checklt.
1.33 After system completes boot-up, run DIAG out of the Checklt directory.
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SAIC - Acceptance Test Procedure APW 11

2. CPU AND CORE LOGIC TEST

2.1  The following selected tests from Touchstone Checklt v3.0 diagnostics were used
in verifying the functions of the CPU and core logic, real time clock, keyboard,

mouse and memory.

Table 2 System Board Test Results
Pass/Fail
CPU General Functions
CPU Interrupt Bug

CPU 32-bit Multiply (80386 and above)

CPU Protected Mode (80286 and above)

NPU Arithmetic Functions

NPU Trigonometric Functions

NPU Comparison Functions

DMA Controller(s)

Interrupt Controller(s)

Table 3 Real-Time Clock Test Results

Pass/Fail

time.

Compare Real-Time Clock time to DOS

date.

Compare Real-Time Clock date to DOS

Test Real-Time Clock alarm.

Compare Elapsed Time.

Table 4 Keyboard Test Results

Pass/Fail

Press Each Key

Typeamatic Repeat Test

Keyboard Lights Test
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2.2

2.3

3.1

The mouse test is optional. If decide to run this test, the mouse driver provided
with the mouse must be installed prior to conducting this test.

Table 5 Mouse Test Resglts

Pass/Fail

Press each mouse button.
Move mouse to screen top.
Move mouse to screen bottom.
Move mouse to screen left.
Move mouse to screen right.

The following Touchstone ChecklIt v3.0 diagnostics and functional tests validate the
memory. Note: ChecklIt will only test the first 16MB.

Table 6 Memory Test Results

Pass/Fail

Program Buffers.
Base memory.
Extended memory.
Expanded memory. Not tested
High address lines.

IDE INTERFACE TEST

The following Touchstone ChecklIt v3.0 diagnostics and functional tests validate the
IDE interface.

Table 7 IDE Hard Disk Diagnostic Test Results
Pass/Fail
Controller Diags
Linear Read
Butterfly Read
Random Read
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4.

4.1

5.1

FLOPPY DRIVE INTERFACE TEST

The following Touchstone Checklt v3.0 diagnostics and functional tests validate the
floppy drive interface.

Table 8 Floppy Diskette Drive Diagnostic Test Results

Pass/Fail
Insert Disk
Random Read
Random Write

SERIAL PORTS (RS232 and RS422) TEST
The following Touchstone Checkit v3.0 diagnostics validate the serial ports. The
results of the modem control and modem status for both COMM ports will be
FAILED. This is not considered a failure of the test.

Table 9 RS232 Serial Port Diagnostic Test Results

Pass/Fail

Describe serial port.
Test data register.

Test interrupt enable.
Test interrupt id.

Test line control.

Test modem control.
Test line status.

Test modem status.
Test different baud rates.

Table 10 RS422 Serial Port Diagnostic Test Results

Pass/Fail

Describe serial port.
Test data register.

Test interrupt enable.
Test interrupt id.

Test line control.

Test modem control.
Test line status.

Test modem status.
Test different baud rates.
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6. PARALLEL PORT TEST

6.1  The following Touchstone Checkit v3.0 diagnostics validate the parallel port. Must

connect a printer or use a parallel loopback connector.

Table 11 Parallel Port Diagnostic Test Results

Pass/Fail

Describe serial port.

Test data register.

Test interrupt enable.

Test interrupt id.

7. SVGA CRT INTERFACE TEST

7.1 The following Touchstone Checkit v3.0 diagnostics and functional ports validate

the SVGA interface. Note: This test is optional.

Table 12 RAM YVideo Diagnostic Test Results

Pass/Fail

Video Memory

Video Page Test (8 Pages)

7.2  VIDEO TEXT TESTS

Table 13 Character Set Video Diagnostic Test Results

Pass/Fail

Mode 00h (CGA)

Mode 01h (CGA)

Mode 07h (MDA)

Mode 02h (CGA)

Mode 03h (CGA)

Table 14 Character Attribute Video Diagnostic Test Results

Pass/Fail

Mode 00h (CGA)

Mode 01h (CGA)

Mode 07h (MDA)

Mode 02h (CGA)

Mode 03h (CGA)
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Table 15  Character Color Video Diagnostic Test Results

Pass/Fail

| Mode 03h (CGA)

7.3 VIDEO GRAPHICS TEST

Table 16 Graphics Grid Video Diagnostic Test Results

Pass/Fail

Mode 04h (CGA)

Mode 05h (CGA)

Mode ODh (EGA COLOR)

Mode 13h (MCGA)

Mode 06h (CGA)

Mode OEh (EGA COLOR)

Mode OFh (EGA MONO)

Mode 10h (EGA HIRES)

Mode 11h (MCGA)

Mode 12h (VGA)

Table 17 Color Palette Video Diagnostic Test Results

Pass/Fail

Mode 04h (CGA)

Mode 0Dh (EGA COLOR)

Mode 13h (MCGA)

Mode OEh (EGA COLOR)

Mode 10h (EGA HIRES)

Mode 12h (VGA)

Table 18 Color Purity Video Diagnostic Test Results

Pass/Fail

Red

Green

Blue

Page 8



SAIC - Acceptance Test Procedure APW II

8. FLAT PANEL DISPLAY TEST

8.1  The following functional tests validate the the flat panel display interface.

Table 19 RAM Video Diagnostic Test Results

Pass/Fail

Video Memory

Video Page Test (8 Pages)

8.2  VIDEO TEXT TEST

Table 20 Character Set Video Diagnostic Test Results

Pass/Fail

Mode 00h (CGA)

Mode 01h (CGA)

Mode 07h (MDA)

Mode 02h (CGA)

Mode 03h (CGA)

Table 21 Character Attribute Video Diagnostic Test Results

Pass/Fail

Mode 00h (CGA)

Mode 01h (CGA)

Mode 07h (MDA)

Mode 02h (CGA)

Mode 03h (CGA)

Table 22 Character Color Video Diagnostic Test Results

Pass/Fail

[Mode 03h (CGA)
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8.3  VIDEO GRAPHICS TEST

Table 23 Graphics Grid Video Diagnostic Test Results

Pass/Fail

Mode 04h (CGA)

Mode 05h (CGA)

Mode 0Dh (EGA COLOR)

Mode 13h (MCGA)

Mode 06h (CGA)

Mode OEh (EGA COLOR)

Mode OFh (EGA MONO)

Mode 10h (EGA HIRES)

Mode 11h (MCGA)

Mode 12h (VGA)

Table 24 Color Palette Video Diagnostic Test Results

Pass/Fail

Mode 04h (CGA)

Mode ODh (EGA COLOR)

Mode 13h (MCGA)

Mode OEh (EGA COLOR)

Mode 10h (EGA HIRES)

Mode 12h (VGA)

Table 25 Color Purity Video Diagnostic Test Results

Pass/Fail

Red

Green

Blue
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9. ETHERNET NETWORK INTERFACE TEST
9.1 The following functional tests validate the the Ethernet network interface.
Table 26 Ethernet Network Interface Custom Diagnostics Results

Pass/Fail

Base address register read/write
Ethemet ID test

I/O register base address

I/O Register read/write test

Chip ID Register (low)

Internal loopback (no MENDEC) 64 byte
test

Internal loopback (no MENDEC)2 byte
RUNT test

Internal loopback (MENDEC) 12 byte
RUNT test

10.  SCSI INTERFACE TEST

10.1  The following custom diagnostics and functional tests validate the SCSI interface.

Table 27 SCSI Controller Custom Diagnostic Test Results
Pass/Fail

Base address register read/write
SCSI'ID test

I/O Register base address

I/O Register read/write test
IRQ 11 test

11. PCMCIA INTERFACE TEST
11.1  The following custom diagnostics and functional tests validate the PCMCIA
interface.
Table 28 PCMCIA Controller Custom Diagnostic Test Results
Pass/Fail

Base address register read/write
PCMCIA ID test

I/O Index base address

I/O Index register read/write
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12. NTSC VIDEO INPUT TEST
12.1 The following functional tests validate the the NTSC video input.
Table 29 NTSC Video Input Custom Diagnostic Test Results

Pass/Fail

Testing PC Video analog input interface
message displayed

Phillips 7191 does not detect a video source
message displayed

Video RAM test
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CAT3025 DVT/ACCEPTANCE TEST RESULTS

1. "EQUIPMENT

1.1 Table 1.1 defines the hardware setup used in performing the acceptance

testing.

Item - Make - ot Modelsie e peragst Description s STy .

CPU DTI CAT3025 Pentium laptop motherboard

Main memory IBM 1104480BA- (2) 4MB x 36-70 SIMMs

IDE hard disk drive DiscTec A260 262 MB removable hard disk

SCSI hard disk drive Seagate ST3550N 435 MB SCSI hard disk

SCSI CDROM drive NEC CDR501 Quad-speed SCSI

PCMCIA hard disk drive Maxtor C1001YBU 105 MB ATA

PCMCIA flash Intel IMCO10FLSA-20 10 MB flash card

Ethernet hub Gateway 62000125 G/Ethertwist hub null

Communications,
Inc.

Floppy diskette drive NEC FD1139H Small form factor

3.5" floppy drive

Mouse Microsoft 37967 Serial - mouse port compatible
mouse

Keyboard BTC BTC-53 101-key keyboard

CRT monitor NEC Multisync 3D 14 inch SVGA monitor

Power supply Yahata PSK-D247B-3 5 output power with 24 V @
60 W output

Printer Citizen 120D 9-pin dot matrix parallel port
printer

Table 1.1




CAT3025 ACCEPTANCE TEST RESULTS

2. CPU AND CORE LOGIC

2.1 The following selected tests from Touchstone Checkit v3.0
diagnostics were used in verifying several functions of the CPU and core

logic.

CPU General Functions i

CPU Interrupt Bug Passed
CPU 32-bit Multiply (80386 and above) Passed
CPU Protected Mode (80286 and above) Passed
NPU Arithmetic Functions Passed
NPU Trigonometric Functions Passed
NPU Comparison Functions Passed
DMA Controller(s) Passed
Interrupt Controller(s) Passed

Table 2.1

ocklt v3.0 Real-Time Clack Test Results’

| Cmpare Real-Time Clock time to DOS time. Passed

Compare Real-Time Clock date to DOS date. Passed

Test Real-Time Clock alarm. Passed

Compare Elapsed Time. ) Passed
Table 2.2

UCHITONL L HETHIL Y WRYDQAra 1651 s
Press Each Key Passed
Typeamatic Repeat Test Passed
Keyboard Lights Test Passed
Table 2.3

richstone Checklt v3.0 Mouse T t Results
Press each mouse button. Passed
Move mouse to screen top. Passed
Move mouse to screen bottom. Passed
Move mouse to screen left. Passed
Move mouse to screen right Passed

Table 2.4

Diversified Technology, Inc. - An Ergon Company



CAT3025 ACCEPTANCE TEST RESULTS

2.2 Selected tests from Symantec Norton Diagnostics v7.0 diagnostics
were used in verifying the following functions of the CPU and core logic.

Bit stuck @ 0 . Passed

Bitstuck@1 Passed

¢ Walking 1's Passed

Walking O’s Passed

Checkerboard Passed

Inverted checkerboard Passed
Table 2.5

Bit stuck @ 0 Passed

Bit stuck @ 1 Passed

Walking 1’s Passed

Walking 0’s Passed

Checkerboard : Passed

Inverted checkerboard Passed
Table 2.6

Table 2.7

2.3 Benchmark measurements were obtained in order to verify optimal
CPU / core logic performance.

Forward FFT, 2048 pts. (s) 0.16

Reverse FFT, 2048 pts. (s) 0.16

Total time, include. graphics (s) 0.49
Table 2.8

Data transfer rate (KB/s) (DiscTec A260) 1062.7

Average seek time (ms) (DiscTec A260) 14.2

Track to track seek time {(ms) (DiscTec A260) 4.7

Performance index 122.0
Table 2.9

Diversified Technology, Inc. - An Ergon Company



CAT3025 ACCEPTANCE TEST RESULTS

i Disk index (DiscTec A260)

i Performance index

Table 2.10

520,65

"CPU (Mhz)
FPU (Mhz) 1525.14
Video (char./s) 3437.0

CPU (Mhz)

940.91
FPU (Mhz) 1497.99
Video (char./s) 3449.26

Whetstones (K whet/s)

937.510

NOPs (ns/NOP)

5.813

Table 2.13

i MIPS

Diagsoft Power Meter v1.3 Benchmark Resuls

41.8

Whetstones (K whet/s)

17,531.8

Table 2.14

 PC Mapazin
i Winmarks (x106)

- DiscTer Hard |

Track to track seek time (ms) 2.71
Average seek time (ms) 13.55
16 KB block read (KB/s) 1366.70
32 KB block read (KB/s) 1391.90
64 KB block read (KB/s) 1090.05

Table 2.16

Diversified Technology, Inc. — An Ergon Company
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3. IDE INTERFACE

3.1 The following Touchstone Checkit v3.0 diagnostics and functional
tests were performed in order to validate the IDE interface.

Controller Diags Passed

Linear Read Passed

Butterfly Read Passed

Random Read Passed
Table 3.1

IDE Hari § Disk Drive Fuuctional Test Results
DiscTec Removable Hard Disk driver v1.34 Passed
Hard disk file write / read test Passed
Software and operating system installation Passed

Table 3.2

4. FLOPPY DRIVE INTERFACE

4.1 The following Touchstone Checklt v3.0 diagnostics and functional
tests were performed in order to validate the floppy drive interface.

T Passed
Random Read Passed
Random Write Passed

Table 4.1
Diskette Drive Functional Test Results
Software installation Passed
File write / read test Passed
Table 4.2

Diversified Technology, Inc. -- An Ergon Company
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5. SCSIINTERFACE

5.1 The following custom diagnostics and functional tests were performed
in order to validate the SCSI/ interface.

Driver installation and \enﬁcatmn Passed
Hard disk file write / read test Passed
Still camera connection and diagnostics Passed

Table 5.1

'St Cantroller Castom D:agnastzc Test
Base address register read/write Passed

SCSI ID test Passed

1/0 Register base address 3400

1/0 Register read/write test Passed

IRQ 11 test Passed
Table 5.2

6. PCMCIA INTERFACE

6.1 The following custom diagnostics and functional tests were performed
in order to validate the PCMCIA interface.

Driver installauon and A\ enﬁcatxon Passed

Card installation, detection. and verification Passed

ATA hard disk boot source Passed

ATA hard disk file write / read test Passed

Flash card file write / read test Passed
Table 6.1

Base address regxster read/wnte - Passed

PCMCIA ID test Passed

1/0 Index base address 34a0

L/O Index register read/write Passed
Table 6.2

Diversified Technology, Inc. — An Ergon Company 6
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7. SERIAL PORTS

7.1 The following Touchstone Checkit v3.0 diagnostics were performed in
order to validate the serial ports. ‘

Describe serial port. Has Loopback
Test data register. Passed
Test interrupt enable. Passed
Test interrupt id. Passed
Test line control. Passed
Test modem control. Passed
Test line status. Passed
Test modem status. Passed
Test different baud rates. Passed
Table 7.1

8. PARALLEL PORT

8.1 The following Touchstone Checkit v3.0 diagnostics were performed in
order to validate the parallel ports.

Describe parallel port. Has Loopback
Test parallel data register. Passed
Test with external loopback. Passed
Printer interface test Passed

Table 8.1

9. SVGA CRT INTERFACE

9.1 The following Touchstone Checkit v3.0 diagnostics and functional
ports were performed in order to validate the SVGA interface.

Video Memory Passed
Video Page Test (8 Pages) Passed

Table 9.1

Diversified Technology, Inc. — An Ergon Company 7
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9.2 VIDEO TEXT TESTS

Mode 00h (CGA) T ' Passed

Mode Olh (CGA) e, Passed
. Mode 07h (MDA) Passed
Mode 02h (CGA) Passed
Mode 03h (CGA) Passed
Table 9.2

Mode 00h (CGA) Passed

Mode 01h (CGA) Passed

Mode 07h (MDA) Passed

Mode 02h (CGA) Passed

Mode 03h (CGA) Passed
Table 9.3

“Mode 03h (CGA)

9.3 VIDEO GRAPHICS TESTS

Mode 04h (CGA) ' Passed

Mode 05h (CGA) Passed
Mode 0Dh (EGA COLOR) Passed
Mode 13h (MCGA) Passed
Mode 06h (CGA) Passed
Mode OEh (EGA COLOR) Passed
Mode OFh (EGA MONO) Passed
Mode 10h (EGA HIRES) Passed
Mode 11h (MCGA) Passed
Mode 12h (VGA) Passed
Table 9.5

Diversified Technology, Inc. -- An Ergon Company



CAT3025 ACCEPTANCE TEST RESULTS

Mode 04h ( GA) Passed
Mode 0Dh (EGA COLOR) Passed
i Mode 13h (MCGA) i} Passed
i Mode OEh (EGA COLOR) Passed
{ Mode 10h (EGA HIRES) Passcd
{ Mode 12h (VGA) Passed
Table 9.6

Red 7 Passed

Green Passed

Blue Passed
Table 9.7

1024 x 768 x 16 color Passed
1024 x 768 x 256 color Passed
1280 x 1024 x 16 color Not supported
640 x 480 x 16 color Passed
640 x 480 x 16 M color ‘ Passed
640 x 480 x 256 color Passed
640 x 480 x 32K color Not supported
640 x 480 x 64K color Not supported
800 x 600 x 16 color Passed
800 x 600 x 256 color Passed
Table 9.8

10. FLAT PANEL DISPLAY INTERFACE

10.1 The following functional tests were performed in order to validate the
the flat panel display interface.

. FPD Interface Functional Test Res
CheckIt v3.0 diagnostics (see section 9)

Flat panel centering and alignment verfication
Driver verification (all resolutions) (see section 9)

Table 10.1

Diversified Technology, Inc. — An Ergon Company 9



CAT3025 ACCEPTANCE TEST RESULTS

11. NTSC VIDEO INPUT

11.1 The following functional tests were performed in order to validate the
the NTSC video input.

1deo Inpnt Fune sl
i Driver installation and verification Passed
Microsoft Video for Windows compatibility Passed
. Image capture ' Passed
Image sizing and scrolling Passed
Table 11.1

Testing P Video analog input interface . Passed

Phillips 7191 does not detect a video source Passed

Video RAM test Passed
Table 11.2

12. ETHERNET NETWORK INTERFACE

12.1 The following functional tests were performed in order to validate the
the Ethernet network interface.

thernel
Driver installation and verification
Network connection to host

File write / read via network

Table 12.1

Base address register read/write B Passed
Ethernet ID test Passed
1/0 register base address 3480
I/O Register read/write test Passed
Chip ID Register (low) 12430003
Internal loopback (no MENDEC) 64 byvte test Passed
Internal loopback (no MENDEC) 12 byte RUNT Passed
test
Internal loopback (MENDEC) 12 bvte RUNT test Passed
Table 12.2

Diversified Technology, Inc. — An Ergon Company 10



CAT3025 ACCEPTANCE TEST RESULTS

13. SYSTEM LEVEL VALIDATION

13.1 The following functional tests were performed in order to validate
operating system comatibility.

)

Microsoft MSDS \".22 Passed

Microsoft Windows for Workgroups v3.11 Passed

Microsoft Windows NT Workstation v3.5 *Passed

Novell Netware v4.0 Passed

0S/2v3.0 Passed
Table 13.1

* Conner CFS210A IDE hard disk drive was used

13.2 ROM utility verification
The following functional tests were performed in order to validate ROM utility functionality.

resor rso Verified

Clock speed Verified

Secondary cache Verified
Table 13.2

System Time Passed
System Date Passed
Video System Passed
System Memory Verified
Extended memory Verified
Diskette Drive A: Passed
Diskette Drive B: Not tested
Table 13.3

Hard Disk

‘ ssed
Hard Disk 1 Passed
Table 13.4

Diversified Technology, Inc. — An Ergon Company
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CAT3025 ACCEPTANCE TEST RESULTS

Disk drive boot sequence Passed
System summary screen at boot Passed
Display SETUP prompt during POST Passed
Pause on POST errors Passed
Floppyseek . s es s smsases e essrens Passed .
GaeA20atboor T Not tested
Key click Passed
Kevboard typematic rate Passed
Keyboard typematicdelay Passed
- Numlock Passed
Table 13.5

COM Port 1 At Passed
COM Port 2 AT Passed
LPT Port At Passed
Diskette Interace Passed
IDE interface Passed
PCMCIA PCI device Passed
SCSI PCMCIA device Passed
Ethernet PCI device Passed
Table 13.6

Superviser Password is Passed
User Password is Passed
Set Superviser Password Passed
Set User Password Passed
Password on boot Passed
Diskette access Passed
Fixed disk boot sector Passed
System backup reminder Passed

Table 13.7

Power Savings Passed

Standby Timeout Passed

Standby CPU Speed Passed

Fixed Disk Timeout Passed

CRT (in Standby) Passed

Timer Reset and Wake Events Passed
Table 13.8

Diversified Technology, Inc. - An Ergon Company
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CAT3025 ACCEPTANCE TEST RESULTS

System Temp Lo Passed
System Temp Hi Passed
+5 V Tolerance Passed
+12 V Tolerance ‘ Passed
CPU Tolerance Passed
Battery minimum voltage Passed
Fan RPS (min.) Passed
IRQ 10 Alarm Enables Passed
Table 13.9

Thermal Maemn ' Passed
CPU Throttle Control Passed
Thermal IRQ 10 Alarm ) Passed

Table 13.10

Load From ROM o - — Passed

Load From CMOS Passed

Save to CMOS Passed
Table 13.11

Diversified Technology, Inc. — An Ergon Company
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1.0  SCOPE. ‘This procedure specifies the materials, equipment, application

procedure, and quality requirements to be used in the spray application of thin
conformal coatings to printed circuit boards, wire-wrapped boards, and other

electronic assemblies.

2.0 APPLICABLE DOCﬁMENTS. The following documents form a part of this prdcedure
to the extent specified herein: _

a., MIL-A-46146, ‘Ahhesive-Sealants. RTV, Silicone, Non-Corrosive (for use
with sensitive metals and equipment). -

b. JSCM 5312.VQ0P No. 5.18. "Raw Material Specification Compliance.”
c. JSCM 5312, QOP No. 3.10C, "Control of Limited Life Items.”
d. NHB 5300.4(3A-1), "Requirements for Soldered Electrical Connections.”

3.0 DEFINITIONS. For the purpose of this procedure, the following definitions
shall -appiy: ‘ : .

a. RIV. Room temperature vulcanizing.

b. Conformal coating. A coating that conforms to the configuration of the
object coated. _

¢. Room temperature. Room temperature is defined as 75:ﬁ°F/24:?°C.

d. Staking compound. A material used for bonding or mechanical attachment
of parts.

e. Room humidity. Re1ativ§ humidity 20-55 percent.

4,0 REQUIREMENTS.

a. E&ZD (Engineering and Development) activity. The E&0 Directorate shall
be responsible for authorizing the usa of this procedure.

b. Contractor/user activity. The contractor/user shall be responsible for
the following:

(1} Proper 1mp1emen£ation of the requirements presented herein.

(2) Providing necessary training of personnel in the use of equipment
and techniques used in applying conformal coatings of thin coating materials.,

(3) Assuring that all personnel who perform or inspect conformal
coatings. have demonstrated proficiency in producing high quality end {items.

4.1 APPROVED MATERIALS. The following materials have Dbeen approved by JSC EZ0
and shall be used in conjunction with this procedure. Contractors shall use
approved materials from approved suppliers only.



Material Name Approved Source

3140 RTV Silicone Rubber Dow Corning Corp.

Coating as specified Midland, MI

in HIL-A-46146. Type II '

Primer 1204 as specified Dow Corning Corp.

in MIL-A-46146 Midland, Ml

Xylene | Commercial grade

Acetone - Technical grade Federal specification 0-A-15F

Other cledning_solvgnts Ethyl alcohol, ASC grade, 95 or 99.5

percent by volume,

~ Isoprapyl alcohol, best commercial grade,
99 percent pure.

| Trichlorotrifluoroethane, c¢lear, 99.8
percent pure.

Any mixture of the above solvents.
Naptha VM&P (varnish makers & painters) grade

4.2 PROCESSING EQUIPMENT.

4.2.1 Facility.

a. Size and location. Facility dimensions shall be governed by work
volume, The area shall contain sufficient equipment and supplies to prevent the
need for an overlap of operations and shall be 1solated from all other activities
that could result in contamination such as dust, metallic particles, water, 011,
and/or grease. Smoking or open flames shall not be allowed within 25 feet of an
area where coating matertials or solvents are being used.

b. Ventilatton. The conformal coating area shall be provided with forced
draft ventilation such that vapors are away from the operator and vented to the
outside.

oS+ Enyironmental conditions. Facility temperature shall be maintained at
75+47F/24+2°C and the relative humidity shall not exceed 55 percent. A hygro-
meter and thermometer of sufficient quality to record an accuracy of +5 percent
relative humidity and «4°F/+2°C temperature shall be installed within the con-
formal coating area. The hygrometer and thermometer records shall be maintained
for a period of 6 months and shall be made available to the procuring activity
upon reguest,

d. The wark table shall be conductive and have an earth-ground connection
for grounding ftems being coated.

4.2.2 C(Cleaning. Equipment and materials applicable to cleaning of electronic
boards shal] be as follows:



C

C

C

a. Ethyl alcohol, ASC grade, 95 or 99.5 percent by volume.

b. Iiopropyl alcohol, best commercial gride. 99 pa}cent pure.

C. Tr1ch1ofotrif1uoroethane. clear, 99.8 percent pufg.
ﬁgIE:. Any mixture of a., b., and c. above s acéeptab]e.

d. Normetallic brushes, sizes and stiffness as applicable.

e. Afr supply, dry, filtered and pressure regulated.

4,2.3 Assembly Preparation. Equipment and materials applicable to preparation
and assémbly of printed circuit boards shall be as follows:

a, Masking tape or masking materials (1f applicable).

b. _Hén&ling ¢lips or blocks.

c. L1nﬁ-fre£ gloves or dust-free finger cots.
4.2.4 Coating Material Preparation. Equipment and materials for preparation of
conformal coatings shall be as foilows: .

d. Mixing container (metal, glass, or ceramic).

b. Spatula (metal, glass, plastic, or ceramic).

¢. Coating material conforming to MIL-A-46146, type II.

4.2.5 Application, Draining, and Curing, Equipment and matarials for applying,
draining, and curing of contormal coatings shall be as follows:

a4, Brushes (natural bristle) suitable for the configuration of the object
to be coated.

b. Curing rack.

c. Hotiais c1r8u1at1ng oven capable of maintaining recommended cure temper-
ature within #4°F/+2°C,

d. Spray equipment, capable of pruducing a uniform spray pattern,

e. Grounding wires capable of grounding the workpiece(s) and the spray
applicator.

4.3 OPERATIONS. Tﬁe sequence of processing shall be as follows:
a. Preparation.
b. Cleaning,

c. Masking.,



d; Priming.
e. Preparation of coating.
f. Applying coating.
q. Cur1n§ coating.
h. C1e§n1ng.
4.4 PROCEbURE.
CAUTION: THESE ASSEMBLIES CONTAIN PARTS SENSITIVE TO DAMAGE BY ESD (ELECTRO- -

STATIC DISCHARGE), USE ESD PRECAUTIONARY PROCEDURES WHEN TOUCHING, HANDLING, ANO

PROCESSING ELECTRONIC ASSEMBLIES., ASSURE THAT ALL EQUIPMENT,. PERSONNEL, AND
ASSEMBLIES ARE FULLY GROUNDED DURING ALL PHASES OF MANUFACTURING TO AVOID INAD-
VERTENT ELECTROSTATIC DAMAGE TO ASSEMBLIES. -

4.4.1 Preparation. All printed wiring board/wire wrap assemblies to be con-
formal coat%a Shall be recaived prepacked in conductive bagging material. Prior
to removal of assemblies from conductive bagging, assure that all parsonnel,
fixtures, and associated tooling are fully grounded. The workpiece shall be
grounded by connecting a2 ground wire to the conductive foam connector shorting
strip, etc., as soon as it is removed from its protective packaging. Upon
completion of conformal coating activities, all assemblies will be repackaged in
the conductive packaging material,

4.4.2 (Cleaning. Clean the areas to be coated until they are free of flux
residues, grease, 011, and other contaminants by brushing and rinsing in a clean
suitable solvent (see note)., The use of agitated counter current rinsing is
suggested for efficient removal of mgst orgenic residues. Remove excess solvent
by air blast or by heating at 167+9°F/75+5°C for 15 minutes. DOuring and after
cleaning, handle the boards carefully with lint-free gloves to prevent contamina-
tion.

NOTE : The selection of a suitable solvent for cleaning a particular
assembly will depend upon safety, cleaning power, and affect on the parts and
finishes in the assembly. (leaning solvents shall be in accordance with NHB
53004 (3A-1). " Special attention should be directed to insuring that the solvent
does not harm the workpiece, its markings, or its component.

CAUTION: CONTAMINATION OR DIRTY SOLVENT WILL LEAVE A RESIDUE ON THE SURFACE.

4.4.3 Masking. Mask all areas in accordance with the drawing requirements.
Tapes, silicone compounds, fixtures, and equivalent 1{tems may be used for
masking., Before using tape, the effect of the coating material on the tape
adhesive -shall be checked by the cognizant laboratory in order to avoid contami-
nation of the coating material or solvent action on the tape adhesive., The
assemblies shall be premasked and all connectors shall be guarded with conductive
foams. Under no circumstances will these maskants or connector guards be removed

during processing activities after cleaning.



4.4.4 Priming. A single coat of approved primer listed in paragraph 4.1 shall

be applied. Use only fresh primer which shows no signs of preacipitated mattar,
Keep the primer container covered when not in usa. Allow the applied primer to
dry for 1 to 2 hours at room temperature before applying coating.

To eliminate occasfonal traces of a white crystalline substance in the 1204
primer, it 1is permissible to thin the primer by adding 1 part by volume of
V.M.&P. naptha to 4 parts by volume of primer., This mixture may be reused pro-
vided it is capped securely between uses and is re-strained befors each use. It
shall be discarded at the first sign of white residue on the primed surface.

4.4.5 Preparation of Coating Material. Dilute the approved . s{licone coating
material” in the ratio of 1 part by volume of compound to 2 parts by volume of
xylene. Mix thoroughly to a uniform consistency with minimum entrapment of air.
Allow mixture to stand until most of the entrapped air bubbles have disappeared.

4.4.6 Application of Coating. After primer has air dried, and immediately prior
to csat1ng.o placa the board to be coated in an air circulating oven at
140+4°F/6042°C for a minimum of 15 minutes. Allow the boards to return to room
temperature before coating.

Spray method. Spray coating of printed circuit assemblies shall be accompl {shed

as follows:
a. Prepare coating material according to instructions of paragraph 4.4.5.

b. Apply a thin coat of coating material with a minimum of overlap. The
assembly shall be sprayed from four directions to insure complete coverage of
mounted components. ) .

C. Inspect the coated assembly and remove all bubbles using the tip of a
sharp instrument such as a needle or sharpaned soldering aid.

d. Cure the coated assembly in accordance with paragraph 4.4.7.

4.4.7 Cure Coating. The coating shall be cured in accordance with either the
room temperature schedule or humidified elevated temperature schedule given
below.

CAUTION: HANDLING BEFORE FULL CURE MUST BE DONE WITH CARE TO AVOID CONTAMINATION

OR RUPTURE OF THE COATING.

a. Room temperature, Air dry a minimum of 20 hours at room temperature
and room humidity before handling. Full cure is obtained in 7 days.

b. Elevated temperature. Air dry at room temperature for‘} hourominimum,
followed 'by curing in a humidifter circulating air oven at 167+9°F/7545°C and 20
to 40 percent relative humidity for 16 hours minimum, Water used for humidifying

the oven shall be deionized or distilled water.

4.4.8 Cleaninq. Masking materials shall be removed as follows: Remove all
masking materials and clean the board fingers with a sharpened wooden or similar
nonscratching tool, if required, to remove traces of coating material. To pre-
vest lifting of the coating adjacent to masked areas, a scalpel or razer blade



may be used to cut the coating before removing the masking matarial. Extreme
care must be exercised so as not to cut the circuitry, score the board material
or thermal planes, or ctherwise damage the workpiece. Replace the unit in its
anitistatic packaging envelope. :

NOTE: Brushes, holding fixtures, and other implements subjected to the
coating material must be cleaned promptly after use. Place a tray of xylene in
the vented coating statfon and brush clean nonmetallic items. Metal {tams may be
soaked in xylene, but do not allow brushes to remain in xylene more than a few
minutes, Discard contaminated xylene. When cleaning tools and containers
a?soc1ated with primer, use acaetone as the preferred cleaner or xylene as an
alternate. .

5.0 QUALITY ASSURANCE PROVISIONS.

5.1 WORKMANSHIP, Parts or assemblies shall be coated as defined herein. The
coating shall conform to the contour of the parts. Occasional small well-
scattered bubbles or blisters up to .015 inch in the greatest dimension, and not
bridging conducting 1ines, leads, or surfaces, nor penetrating from the outer
surface to the substrate are acceptable. Complete coverage will be detarmined by
visual examination of compieted assemblies using ultraviolet 1ight. -

5.1.1 Inspection, Each coated assemb1y‘shall'be fnspected for conformance to
the folfowing inspection criteria. The criteria below do not apply to tnsulated
wire portions of the assembly.

5.1.2 Acceptance Criteria. An acceptable coated assembly must meet the
following requirements:

a. Coating shall be uniform i; color,

b. Coating surface shall be tack-free.

¢. Coating shall be continuous and present a smooth, ripple-free surface.
d. Coating shall adhere to the printed c¢ircuit board.

@. Coating shall be uniform in thickness and in the range of .001 to .N07
inch (as determined by measurements on a test sample), with no excessive buildup
around components,

f. On units using wire-wrapped pins, coating buildup (ripple) of conformal
coating on the end of pins {s expected and acceptable,

5.1.3 Rejection Criteria. The following characteristics of coated assemblies
are not acceptabie:

a. CEntrapped air bubdles which exceed 0.015 inch in the greatest dimension.

b. Groups of two or more bubbles less than 0.0l5 inch in diameter within
any 1 square-inch area.

c. Bubbles contacting conductive materials, or any void which exposes the
surface of conductive material,
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Information About
High Technology

DOW CORNING

Silicone Materials

Now Contains Ultraviolet Indicator

DESCRIPTION

DOW CORNING" 3140 RTV coating is
a self-leveling, ready-to-use, room-
temperature-vulcanizing silicone
rubber. No corrosive by-products are
generated during its cure. As a result,
DOW CORNING 3140 RTV coating
can be used in corrosion-sensitive
electrical/electronic equipment with
no adverse effect.

DOW CORNING 3140 RTV coating is a
clear material and allows easy visual
component identification, inspection
and repair. Its good tear strength

and toughness make it well-suited for
applications requiring ruggedness
and high durability. Other important
features include:

* Ease of processing - no mixing; no
heating; no exothermic heat during
cure; no solvent hazard

* Noncorrosive to copper and other
sensitive metais

* Good dielectric properties over a
wide temperature range

* Remains rubbery from -55 to 200 C
(-67 t0 392 F)

* Easy to repair by cutting away old
material and replacing with new
material

* Resistant to harsh environments
such as ozone, corona, moisture and
weathering

* Meets requirements of MIL-1-46058C
and MIL-A-46146

« Recognized by Underwriter Labora-
tories for service to 180 C (365 F)
when used in minimum thicknesses
of 0.075 inch

* Recognized by Underwriters
Laboratories as a conformal coating
on PC boards

1989 Dow Corming Corporation. All nghts reserved.

Type .

DOW CORNING® 3140 RTV COATING

............. One-part solventless silicone rubber

Cure..

Physical Form

............................. Ready-to-use viscous liquid
24 to 72 hours at 25 C (77 F) and

Special Properties ...

20 percent relative humidity
....Noncorrosive; self-leveling

Primary Uses

. Dielectric coating for electrical and
electronic equipment

TYPICAL PROPERTIES
These values are not intended for use in preparing specifications.

As Supplied
CTM' 0050

CTM 0098

CTM 0095
CTM 0084

CTM 0010

ViSCOSItY, POISE .coocovcniriiiiciiniieciccrrerercssneeres s e e s nenanasenes
Coating Thickness, mils per dip .
Skin-0Over Time, MINUEES ...........cccveririrciieeerererersrrernenesesssessnsnsennnens

Tack-Free TImMe, NOUPS ....c.cceeevercrcrecrcrereserenesesesenensnnnesesesessnenssenenns 1.5
Cure Time, 25 mils, hours ............cceeeverirnaees
Cure Time, 0.125-inch thickness, hours ....
Full Cure, 0.125-inch thickness, days ........
Nonvolatile Content, percent............oreemreeerecininnenerererissasesnnsnces
Thick SeCHION CUIE .....ceeeieieiiircrenreererceeaeececasarnsnrstasesesasnsnssmansans

As Cured? - Physical

CTM 0176
CTM 0022
CTM 0099
CTM 0137A
CTM 0137A
CTM 0159A
CTM 0293
CTM 0562

ApPpPearance .........cccecereeereneniciniienines
Specific Gravity, at 25 C (77 F)
Durometer Hardness, Shore A, points
Tensile Strength, PSi -..ccee et neneseeeeeseenens
Elongation, percent..................

Tear Strength, Die B, ppi
Peel Strength, primed aluminum, ppiw
Volume Expansion, 25to 100 C

As Cured? - Electrical

CcTM 0114
CTM 0249
CTM 0112

CTM 0112

(7710 212 F), CC/CC-C..rrecreeertecrcetressnneeecrnressesaeneaes 8.8x10*
Dielectric Strength, VOItS/MIl ........ccc..rireeiiceirnemereneeerarernenemeesenens 500
Volume Resistivity, Ohm-CM ............vreviririrrrrererereeneernenenes 5x10'*
Dielectric Constant, at 25 C (77 F)

TOO HZ .coeerritetciiitincettin e seeeesessensssnnasesssntsassssnessssnseensanes 2.64

100 KHZ .cveiriiientiicccennniessnteesttesieesnenssanessae s sssasesasessanessnnnsasanes 2.63
Dissipation Factor, at 25 C (77 F)

TOO HZ oiiiinrnccnnneeccnresrse st e s eaesssas e s e s e s s esasasesmneaas 0.0016

TOO KHZ ittt irtess e crenvnre s e ene s e s sene s anenason 0.0004

'In most cases, CTMs (Corporate Test Methods) correspond to standard ASTM tests. Copies of CTMs
are available upon request.

After § days at 25 C (77 F) and 50 percent relative humidity.

Specification Writers: Please contact Dow Corning Corporation, Midland,
Michigan, before writing specifications on this product.



* Contains uitraviolet indicator for
ease in inspection under a biack light

USES

DOW CORNING 3140 RTV coating is
primarily used as a conformal coating
on printed circuit assemblies and
electronic components. Itisalso
ideal for encapsuiating small circuits
or connectors.

HOW TO USE

DOW CORNING 3140 RTV coating
should be applied to clean, dry
surfaces. A satisfactory bond will
usually result on clean surfaces
without using a primer. For maxi-
mum adhesion, however, use
DOW CORNING™ 1204 primer or
DOW CORNING® 1205 prime coat.

Surface Preparation

Clean and degrease all metal and
plastic surfaces. Then wipe or rinse
all surfaces, except acetate plastics,
with acetone. Rubber surfaces should
be roughened with sandpaper and
wiped with acetone.

Apply recommended primer to areas
where maximum adhesion is desired,
and allow the prime coat to dry as
directed on the prime coat technical
bulletin. Silicone rubber substrates
need not be primed, but should be
cleaned and roughened.

Application

DOW CORNING 3140 RTV coating
may be appiied by dipping, brushing,
spraying or flow coating. To apply

a conformat coating by dipping,
immerse the circuit board or assembly
into the silicone rubber slowly to avoid
entrapment of air bubbles. Withdraw
the assembly and allow excess rubber
to drain back into dip tank. Position
assemblies with sharp points down
during curing for best point coverage.

To apply DOW CORNING 3140 RTV
coating by spraying, it may be
necessary to lower the viscosity by

adding solvent. Any solvent of
suitable volatility, such as xylene,
can be used if it is free of moisture.

CAUTION: When using solvents,
provide adequate ventilation. Follow
all precautions given on solvent
containers.

The coating can be cut away with a
sharp knife for repair or modifica-
tion. To aid the removal of coating,
soak the coated unit in toluene or
similar aromatic solvents. This will
cause swelling and deterioration of
the coating.

Localized areas on circuit boards or
components can be coated by
applying DOW CORNING 3140 RTV
coating directly from its collapsible
container. The material will flow out
and level to a neat, uniform coating.

Curing

Let the unit stand undisturbed at
room temperature and 20 percent or
higher relative humidity. The time
required for proper cure will vary
with the thickness of the RTV coating,
the thickness of the parts being
joined, and the permeability of the
materiais. Usually, 24 to 72 hours
will suffice for thin coatings or units
having one permeable member. Full
bond strength will be established
after approximately 7 days at room
temperature.

When bonding two impermeable
surfaces together, as in the case of
two metal plates, cure time will
depend on the thickness of the
silicone rubber and the area under
the joint. The larger the unexposed
bond area, the longer the cure time
and maximum bond strength. Keep
the area enclosed by the joint to a
minimum. A metal-to-metal bond, for
example, should not overiap more
than one inch for best resuits.

DOW CORNING 3140 RTV coating
cures at room temperature by
exposure to existing humidity in the



air. Dow Comning recommends a
minimum of 20 percent relative
humidity for proper cure. Less
humidity will extend the curing time,
and higher humidity will form a
tack-free “skin” after approximately
2 hours at room temperature.

In thicknesses up to 0.125 inch, it

will cure to a solid rubbery mass in
72 hours. Optimum physical and
electrical properties are reached after
a cure of approximately 7 days at
room temperature.

DOW'CORNING 3140 RTV coating will
release smali amounts of methanol
during curing. Provide adequate
ventilation in the working environ-
ment to prevent excessive methanol
vapor accumulation.

SHIPPING LIMITATIONS
None.

STORAGE AND SHELF LIFE

When stored in original, unopened
containers at or below 32 C (90 F),
DOW CORNING 3140 RTV coating has
a shelf life of 6 months from date of
shipment. While refrigeration is not
necessary, it may extend the useful
life of this product.

Since DOW CORNING 3140 RTV
coating cures upon exposure to
moisture in the air, keep container
sealed when not in use. A plug of
cured material may form in the tip of
the tube during storage. This is easily
removed and does not affect the
remaining contents.

PACKAGING

DOW CORNING 3140 RTV coating
is supplied in 3-fl oz (89-mL), 1-pt

{(473-mL) and 4.5-gal (17-L) containers.

MSDS INFORMATION

ATTENTION: PRODUCT SAFETY
INFORMATION REQUIRED FOR SAFE
USE IS NOT INCLUDED. BEFORE

HANDLING, READ PRODUCT AND
MATERIAL SAFETY DATA SHEETS
AND CONTAINER LABELS FOR
SAFE USE, PHYSICAL AND HEALTH
HAZARD INFORMATION. THE
MATERIAL SAFETY DATA SHEET
IS AVAILABLE FROM YOUR

DOW CORNING REPRESENTATIVE,
OR DISTRIBUTOR, OR BY WRITING
TO DOW CORNING CUSTOMER
SERVICE, OR BY CALLING
1-517-496-6000.

WARRANTY INFORMATION -
PLEASE READ CAREFULLY

Dow Coming believes that the
information in this publication is an
accurate description of the typical
characteristics and or uses of the
product or products, but it is your
responsibility to thoroughly test the
product in your specific application to
determine its performance, efficacy
and safety.

Unless Dow Coming provides you
with a specific written warranty of
fitness for a particular use,

Dow Coming's sole warranty is that
the product or products will meet
Dow Coming's then current sales
specifications. DOW CORNING
SPECIFICALLY DISCLAIMS ANY
OTHER EXPRESS OR IMPLIED
WARRANTY, INCLUDING THE
WARRANTIES OF MERCHANT-
ABILITY AND OF FITNESS FOR
USE. Your exclusive remedy and
Dow Coming's sole liability for breach
of warranty is limited to refund of the
purchase price or replacement of
any product shown to be other than
as warranted, and Dow Corning
expressly disclaims any liability for
incidental or consequential damages.
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DOW CORNING CORPORATION
MIDLAND, MICHIGAN 48686-0994

“Dow Corning” is a registered trademark of Dow Corning Corporation.

Printed in U.S.A Form No. 10-062A-89
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Airpax
AP/UP,
AP-MIL
Multi-Pole
Circuit
Breakers

Circuit demands and design inge-
nuity suggest a limitless number of
special combinations, ranging from
a two pole unit with one series
breaker and a simpie ON-OFF
switch, to a more complex 3 pole
unit having one series, one shunt
and one relay configuration with
auxiliary indicator circuit contacts.

Two Pole

AP-12

Two of the basic units are com-
bined in a hermetically sealed case
to provide protection for dual cir-
cuits. A single toggle handie ac-
tuates both internal trip mech-
anisms. Conversely, an overtoad
in either circuit trips both si-
muitaneously.

The AP-12 consists of two in-
dependent series trip breakers,
each available with its own rating
and delay characteristics. This two
pole unit can therefore have an un-
limited number of combinations,
which makes ordering by a code
system impractical. Thus, if the
poles differ, a descriptive drawing
is recommended.

All multi-pole units have provi-
sion for a rugged three point pane!
mount. When the 6-32 panel seal
screws are used together with the
bushing mount, a level of shock
and vibration in excess of the spec-
ification values can be tolerated.
When the screws are not used and
the bushing is secured, the bosses
contact the back of the panel insur-
ing performance to specification.

Three Pole

AP-112

Three circuits may be simultane-
ously protected. One actuating tog-
gle handle closes all circuits and all
poles trip in the presence of an ov-
erload on any circuit. Some typical
combinations could be: 3 series
poles; 2 series and one shunt; 2 se-
ries and one relay; or 3 series with
a set of auxiliary contacts. Like the
two pole breakers. each pole may
have different ratings and delays.
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Airpax

AP/UP, AP-MIL
Operating
Characteristics
And Delay
Curves

The following table provides a
comparison of inrush puise toler-
ance with and without the inertial
delay feature for each of the 50/
60Hz delays. Pulse tolerance is de-

.fined as a single pulse of haif sine
wave peak current amplitude of 8
milliseconds duration that will not
trip the circuit breaker.

Delay Pulse Tolerance

41, 51, 61 4 x Rated Current
41F, 51F, 61F 8 < Rated Current
64, 65 10 x Rated Current
64F, 65F 15 < Rated Current

Typical Delay Curves

The delay curves below illustrate

the improved inrush tolerance pro-
vided by delays 64 and 65 compared
to standard delays, and a decision
guide regarding the need for the
inertial detay feature. Consult factory
for further assistance.

Nominal Values of Series
Resistance at +25°C

Current Ratings  OC Senes Rewist OC Senes Resist.
DC. 50/80, 400Hz Al delays except Osiays 40, 50. 60
40, 50. 60

50 ma 470 onms 105 onms
100 145 27 onms
250 18 J8 onms
500 43 10 onms
750 16 4 onms
10 amps * 15 23 onms
2.0 298 06 onms
30 130 033 ohms
50 052 012 onms
75 025 007 ohms
10.0 016 006 onms
15.0 006 005 onms
200 005 004 ohbms

Tolerance at = 25° vaiues based on V-A method after
1 hour stabilizaton at 100°. rated current Consult tactory
tor other limits
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Airpax
AP/UP, AP-MIL
Specifications

Trip Free: AP circuit breakers will
trip open on overtoad, even when
forcibly held on. This prevents the
operator from damaging the circuit
by holding in the breaker.

Trip Indication: The operating han-
dle of the breaker moves forcibly
and positively to the OFF position
on overioad. It is not necessary to
manually “reset” to full “OFF" in or-
der to turn it on again.

Shock: All breakers withstand
100G without tripping, even while
carrying full rated current, with
shock applied in any plane, of 6 ms
duration. Test is made according to
Method 213, Test Condition 1 of
MIL-Std-202 as outlined in Para-
graph 4.6.14 of MIL-C-39019. Delay
40, 50, 80 breakers are tested at
90% of rated current.

Vibration: All breakers withstand vi-
bration from 10 to 55 cycles at .06
double amplitude and 55 to 2000
cycles at 10G, applied in any plane,
without damage and without trip-
ping even while operated at full

rated current. Test is made in ac-
cordance with Method 204A, Test
Condition C, of MIL-Std-202 as out-
lined in Paragraph 4.6.12 of MIL-C-
39019. Delay 40, 50, 60 breakers
are tested at 90% of rated current.

Ambient Operation: The breaker
will operate at any ambient be-
tween —-40°C and +100°C.

Endurance: With the circuit breaker
operated as an ON-OFF switch at
rated current, operating life ex-
ceeds 10,000 operations at a rate
of 6 per minute.

Dielectric Strength: The breaker
will withstand 1250 voits RMS,
60Hz from terminals to case and
between the terminals when open.

Insulation Resistance: Exceeds
100 megohms at a potential of
500vdc.

Panel Seal: The “O” ring provided
with the other illustrated hardware
provides a seal against a pressure
differential of 15 psi applied for an
hour.

Percent of Rated Current vs Trip Time in Seconds

At 25°C in Vertical Mtg. Position

Multiple Poles: One frequent use of

2 pole breakers is to interrupt
either or both sides of a power line.
Likewise, 3 pole breakers often use
3 identical coils. However, any 2 or
3 pole breaker may have any coil of
any delay in any desired combina-
tion. (Unless otherwise specified,
we assume the 2 or 3 poles to be
all alike.)

Case Seal: The breaker is fully her-
metically sealed, and will not show

evidence of leakage under total im-
mersion.

Lever Strength: The operating lever
or its seal will not be damaged by a
10 Ib. force applied in any direction.

Short Circuit Capacity: When
tested in accordance with the pro-
cedures of UL1077, AP breakers
have a short circuit capacity of
1000 amperes at 32Vdc, 120Vac,
240 Vac, 60 or 400Hz. Parts are not
recognized to UL1077 for type UPI.

The rated Rupture Capacity per
MIL-C-38019 is 500 amperes, 50
volts DC, 500 amperes, 120 volts
AC and 300 amperes, 240 volts AC,
60 or 400Hz.

Ratings: AP breakers are available

Detay |  100% 125%" 200% 400% 800% in current ratings from 50 milliam-
40 ; No Trip .010-.035 .007-.025 .004-.015 .003-.015 peres to 20 amperes, 50 volts DC
41 | No Trip 2-7.0 .055-.95 .01-.24 .005-.08 or 240 volits AC maximum, 60 or
42 No Tnp 3-60 5-9.0 01-1.75 .005-.1 400Hz.

49 No Trip 100 Max. 050 Max. .020 Max. .015 Max. Contact the factory for de-
50 No trp .010-.035 .007-.025 .004-.015 .003-.015 tailed test specifications, de'ay
51 No trip 4-4.0 066 01-2 005035 curves and other current or Hz
52 No trip 4.0-40.0 6-6.0 01-1.5 .005-.05 requirements.

59 No trip .100 Max. .050 Max. .020 Max. .015 Max.

60 No trip .010-.035 .007-.025 .004-.015 .003-.015 Auxiliary Switeh Hatings; 0.5 amps
61 No trp .5-5 .07-.7 .02-.2 .008-.08 50Vvdc or 120Vac.

62 No trip 4.0-40.0 8-8.0 .01-.3 .005-.08

64 No trip .90-10.0 20-1.7 .04-5 .012-.100 . .

65 No tnp 9.0-60.0 1.15-7.0 11-1.0 .010-,190 Approxlmate Welghts
69 No trip 100 Max. 050 Max. 020 Max. 015 Max. Per Pole

71 No trip 2-7.0 .055-.95 01-.24 .005-.08

72 No trip 3-60 5-9.0 .010-1.75 .005-.1 0z grams

79 No trip 100 Max. .050 Max. .020 Max. .015 Max. 1.8 49

*150°, tor delays 40.50. & 60.
*135% mimimum trp tor delays 41. 42, 49. 71,72 & 79

n
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Decision Tables , ]
For Ordering '
Airpax AP/UP,
AP-MIL Circuit
Breakers

The ordering code for AP magnetic o

circuit breakers may be determined : First Decision

by following the decision steps in Type

the tables shown here. AP Hermetically sealed
For example, the following is magnetic circuit

the code for a two pole AP, hook breaker

terminal, series unit, designed for ‘ up Underwriters’

operation in a DC circuit. It has a (Note 1) | Laboratories

short time delay and a rating of 20 - hcognized circut

amperes. The coding given permits Fourth Decision AP-MIL | 11D throuan 760

a descriptive part number, but with Hz and Delay (Now EPL p;‘:”g 4

definite limitations. in the illustrated 400Hz 150% instant trip < . . | MIL-C-390198

double pole example (AP-12-1-51- !
203), it is automatically assumed
that both poles are identical. One
great virtue of magnetic circuit

400Hz short time delay
400Hz long time delay
400Hz 135% instant trip

il

breakers is their adaptability to 50 | DC 150% instant trip
complex circuits, thus variations 51 | DC short time delay

from pole to pole become the rule 52 | DC long time detay
rather than the exception. Descrip- 59 | DC 125% instant trip

tive drawings are recommended to 60 | 50/60Hz 150% instant trip

avoid confusion.
Now it’s your turn. To deter-
mine the ordering number for your

61 | 50/60Hz short time delay
62 | 50/60Hz long time delay

particular AP unit, simply follow the 64 | 50/60Hz high puise. short time delay
steps shown. You may use this (50/60Hz only) ‘
number to place an order or as a 65 | 50/60Hz high pulse, long time delay
reference for further questions you (50/60Hz onily) . .

may have. 69 | 50/60Hz 125% instant trip

DC. 50/60, 400Hz short time delay
135% trip

1 DC. 50/60, 400Hz long time delay
135% trip

DC. 50/60, 400Hz instant time delay
135% trip

For addition of inertial delay, add an “F" to
Notes:
1. The UP has a wide glass terminal to meet 2. Users should refer to the applicable draw- Parts ordered to MIL-C-39019/1C through
UL and CSA creepage specifications. Except ings of MIL-C-39019. The 6-32 threaded 6C are covered by main specification MIL-C-
as completely non-standard, there is no mounted bushings. useful for added 390198, and carry dash numbers 200
space for more than two terminals and the strength, are approved under this through 259.
UP is therefore limited to only the single pole specification. Parts ordered to MIL-C-39019/1D through
series circuit configuration (Third Decision Parts ordered to MIL-C-38019/18 through 6D are covered by main specification MiL-C-
Table. — 1). Delays available in the UP are: 6B are covered by main specification MIL-C 390198, amendment 2, and cover dash num-
40, 50 and 60 39019A, and carry dash numbers 1 through bers 200 through 259 as well as the new 300
41,51 ang 61 123. series dash numbers. There are some impor-
42, 52 and 62

5%




Decision Tables
For Ordering
Airpax AP/UP
AP-MIL Circuit

Breakers

Third Decision

Internal Configurations

Switch Only (Omit 4th and 5th Decisions)

Series

Series with Auxiliary Switch with pierced pin
terminals

Second Decision (Note 3)
Poles
Hook Screw -0
Terminals | Terminals 1
-1 -7 Singie poie unit mounted _
with 3% threaded bushing 1R (Note 4)
-12 -17 Two pole unit, bushing plus ~1RC (Note 4
(2) 6-32 threaded inserts . C )
-112 -117 Three pole unit, bushing plus, -3
[ (2) 6-32 threaded inserts P

Series with Auxiliary Switch with cane hook
terminals

Shunt

Relay (5 amps max coil rating)

Muitipole units with mixed construction, poies numbered left to nght when
viewed from terminal end. (Note 6)

|

AP-12-1-51-203

Fitth Decision (Note 5)
Nominal Amperage Rating

Code |Amperes! Code |Amperes
-051 .050 -252 2.500
-101 .100 -302 3.000
-201 .200 -502 5.000
-251 .250 -702 7.000
-401 400 -802 8.000
~601 .600 -103 10.000

go’l/ 751 750 | —123 | 12.000
-102 1.000 -153 15.000
-1251 1.250 -1752 | 17.500
-1751 1.750 -203 20.000
-202 2.000

See page 57 for maximum voltage ratings.

1ant differences within these three revisions.
To assure that proper parts are received,
consult the factory for application assistance
it there 1s any doubt about which version is
correct for the application concerned.

3. Screw terminals are available. Space per-
mits their use only in the senes configuration
(Third Decision Table). Standard terminals
are heavy copper hooks.

4. The SPDT auxiliary switch, available only
with the series circuit, may have “R" solder-
ing terminals, flattened and pierced, or “RC"
soldering terminals which are cane hooks.
5. The nominal current vatues for 100% of
rated current (see delay curves) are those
listed. Other values can be readily supplied,
in general, without delayed delivery. For val-
ues above or below the listed range, please

consult an Airpax sales office or sales repre-
sentative. For UP maximum ratings see
page 57.

6. Consult factory for assigned part
numbers.
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Raychem

Overcurrent and overtemperalure protaction
The PolySwitch circuit protector is a
positive temperature coefficient (PTC)
resistor that undergoes a large, abrupt
change in resistance when an over-
current or high temperature heats it
above a specific point.

Normally just tens of mifliohms, the
resistance of the PolySwitch protector
increases orders of magnitude when
switched. This increase limits current
to several mifliamps.

Remolely resetizble

When the current or temperature
fault that caused the device to switch
has been substantially reduced, the

ROE FAMILY

PolySwitch device resets; allowing
normal circuit operation to resume.
The protector requires no manual
resetting or replacement.

Latching (noncycling) operation

After switching, the PolySwitch device
is latched into its high-resistance,
protective state by the small, sustained
self-heating current. The protector

will reset only after it has cooled and
the fault condition has been corrected,
thus avoiting continuous cycling that
could cause circuit damage.

" Rugged monglithic construction

Since they are made from solid-state
material, PolySwitch devices have
no moving parts that can be damaged.

PTC Resistance Devices
for Circuit Protection

Versatile, UL-recognized components
PolySwitch protectors can be mounted
on PC boards for easy use in many cir-
cuits. The devices are FR-encapsulated
(UL 84V-0) for electrical insulation.
They are recognized under UL file
number E748869.

Wide variety of applications

Possible applications for PolySwitch
devices include:

W audio speakers

» batteries

» motors

» power supplies

W transformers

» solenoids
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Maximem spersting charscteristics !, dSz- 25 ¢
{ Maximum operating voltage ' 50V (RMS) Maximum surface temperature in tripped state 125°C
Maximum interrupt current 40 amperes Nominal reset time* < 20 seconds (at 20°C)
Maximum interrupt cycles 500 @ef power remm.red).
Temperature range: operating 0°t0 70°C Device resistance in tripped state® Ve/pg .
storage -40°1070°C xmwﬂmumﬂmW‘& « Pg, where i3 10ad resistance, V 18 Grcud voltage. Py 5
Elactrical characteristics (20°C) Dimensions Part Marking
Part M R nom. Py typ. Rumin, R max. Amax B nom. r———— Raychem logo 120
numbar my Q) ) @) () o @) <o Ad Ami
RDEO50A .50 423 14 .360 113 300 2 00 Reting
RDEQ70A 70 259 1.6 220 .649 .380 2 ———— fnp
RDEQS0A 90  an 1.8 150 412 445 2 porbon of T
ROE115A 115 . 123 1.9 105 275, 510 2 00 pone L
RDE135A 1.35 093 2.1 079 209 570 .2 —
RDE185A 1.85 .059 24 050 122 695 2 . _| . I_
BDE24SA 4, 245 039 28 033 083 835 4 on ROEDSOA
DE30SA D ! 3.05 030 - 32 026 - 062 975 4
RDE3A 390 021 37 018 044 1120 4 m%mm od %\%fg:ol aed Cu
Iy = Hold Curvent  Typical Trip Current(Ir) = 2x Iy Py = Typical Power Dissipated in epoxy polymer meets  0.032 = 0.002 inches
Tripped State \Tripped State = )High Resistance Equilibrium  R(max) = 1Hour After Trip UL 94V-0 require-
) 7} L oetchg 7 ments
Tyvical thermal dersting Wpics! trip time (20°C)
Solderability per MiL-STD-202, Method 2080 Y w0
1l
1 T
Solder heat withstand per MIL-STD-202, — =
Method 210, Condition 8 0 — m 18
Solvent resistance per MIL-STD-202, m Y 3
Method 2158 TR N
o °
c‘l/”ﬂﬂ.’ s X n } N “‘l e
Operation beyond maximum ratings may 0 —] ’ 1A W, |
result in rupture of the device and possible g = — 10 : =
electrical arcing and flame. ; 2 ——+ - X e
3 ‘ | 3 N 1
3 £,
- o-l) [ 0 2 20 «© 50 80 0 ! 05
10 )] 100
Tonperytery (°0) Folt Currnnt ()
Application examples
}’ """""""""""" ki PoiySwitch
| _%_":
L Pysocs |
sy Stalled moter protection

Wylcal spontor
Raychem Corporation All of the above information, including illustrations, is believed to be reliable, Users, however, should
PolySwitch Products . independently evaluate the suitability of each product for their application. Raychem makes no warran-
300 Constitution Drive ties as 1o the accuracy or completeness of this information, and disclaims any liability regarding its
Menio Park, California 94025-1164 use. Raychem’s only obligations are those in the Standard Terms and Conditions of Sale for this
415) 3616900 TWX 9103731728 product, and in no case will Raychem be liable for any incidental, indirect, or consequential damages

arising from the sale, resale, use, or misuse of the product.

€ 1987 Raycnem Corporaon  Pringed in USA (KS770) MS29:1 1187
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" PolySwitch® |

Raychem -
y Products
. Siandard Product List
—~RATED CURRENT— NOMMNAL
MAXINUN fames) ) RECOGMZED  PaCKAGE

PART # WIAGE  HOLD TRIP  aax fohms) 4 NUNBER Wi Hpw
209015 9 1.640 2700 1000 0.05 ) 0.84 0.42
21412 15 2000 3500 1000 0.04 1 0.8 041
20413 15 3500 5500 1000 00 1 1.10 051
20547 15 0550 1100 400 0.31 u 3 3 30
ABEDSSA 15 0350 1680  40.0 0.21 m 3 2 30
RBET10A 15 1100 2130 400 0.13 0 3 37 ]
RBE1304 15 1300 2540 400 0.09 M 3 ] 45
RBE165A 15 1850 3040 400 0.06 L 3 50 52
RBE205A 15 2050 3770 400 0.05 UL 3 58 58
RBEZT0A 15 2700 4960 400 003 uw 3 5 11
RBE360A 15 3800 6430 400 0.02 m 3 5 85
RBE4B0A 15 4800 0180 400 0.02 m 3 9 [
RBESTOA 15 5700 10000  40.0 0.01 M 3 1.10 1.2
RBEBSSA 15 8850 15800 400 0.01 UL 3 140 1.42
ADEOSOA 50 0500 1100 400 0.42 uw 3 2 3
ROEQTOA 50 0700 1400 400 028 W 3 37 3
ADEO90A 0 0900  1.7%0 400 0.18 m 3 4 45
RDEINS 50 L150 2200 400 0.12 0 3 50 52
ROE135A 50 1350 2600 400 0.00 m 3 58 58
ADEI8SA 50 1850 3430 400 0.08 M 3 5 N
—~ RDE245A 50 2450 4820 400 0.04 0 3 8 85
~—{ROE3ESA 50 3050 560 400 0.03 m 3 ] [
ROE390A 50 3900 7350 400 002 uL 3 1.10 1.12
RXEO17 60 0.170 0280 400 485 u 4 21 48
AXEOZD 80 0200 0300 400 267 T 4 18 48
RXEOZS 80 0250 0330 400 .83 M 4 19 48
AXEO30 80 0300 0450 400 .0 m 4 2 A9
AXEQ40 80 0400 0800 400 081 UL 4 2 52
RXEOS0 50 0500 0750 400 075 m 4 2 54
AXEDGS 60 0650 0980 40 0.48 M 4 3 55
RXEOTS 80 0750 1130 40,0 0.39 T [ K1) 58
AXE090 80 0900 135 400 0.34 m 4 40 50
AXETT0 50 100 1650 400 02 u 3 48 M
AXEI3S 0 1350 2050 400 0.18 m 3 ) 55
AXEIS0 50 1800 2400 400 0.14 T 3 80 82
AXE185 50 1850 2800 400 0.12 UL 3 65 87
RXE250 50 2500 3750 40 0.08 UL 3 KD ]
AXE300 50 3000 4500 400 0.08 u 3 ) 2
AXE3TS 50 3750 5830 400 0.04 u 3 1.8 1.3
21160 120 0280 0470 30 460 0 4 2 8l
20963 250 0.110  0.165  3g 16.50 0 4 A2 o
211040 250 0.45 0220 30 850 UL [ 42 48
21017 300 0089 0104 050 3350 M [ “ 41
21091 500 0069 0104 088 3350 2 4l 49
2072 600 0.00 0160 086 17.00 2 4 49
212148 600 0.145 0220 10 8.50 2 ] ]

(]‘

———— ——-
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COMPONENT SPECIFICATION

COMPONENT SPECIFICATION NO. _600000405

- BDiversified

Technology

An Ergon Co. DESCRIPTION _3.6 V Battery

Manufacturer Data

Tadiran - TL5186
DO NOT accept Batteries with a date code
older than one (1) year!!

Typical Discharge Characteristics (at 25°C)
Memory Back-up Cell

A1 001 L R L

Cell Features

| Stable voltage: 3.6 V

} Leakproof: hermetic sealing

I Long Life: Less than 1% self discharge/year
[

|

]

— 4 -—t 4 e — 4 3

it LI

kN e} 4} 380kN

Wide temperature range: -55C 10 +85C
UL recognized: File No. MH 12193
Concentrated energy: up to 420 Whikg

300uA WA WVuA
117 -1 (0.5 Ah) 1 {0.85 Ah) 1 (0.8 Ah}

L L
il ) |

0 o? 3 0% Hours 10°

{
I
[
(
[
.

-
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SHEET DOCUMENT NUMBER REY

COMPONENT SPECITICATION |OF 3 600000405 1.1




ADiversified
Technology

COMPONENT SPECIFICATION -

COMPONENT SPECIFICATION NO. _600000405

An Ergon Co. DESCRIPTION 3.6 V Battery
Recognlzed under the Component
Program of Underwriters Laboratories Inc.
File #MH 1219]
Peslgnation Max. UL Component
Cnpacity Dimenslons Recognllion
Made! No. Type Catalog No. mAh mm({inch) MH 12193 Terminals
&Xira Cells
TL-2150 12AA!S 15-51-02-215-000 750 014.7:25.2(00.57x1.0) Yes Pressure Conlact
12AAMT 15-51-02-315.000 Flat Tab
1AAIP 15-51-02-415-000 Axlal Pin
TL-2100 ANS 15-51-03-215-000 1800 ©014.7+50.5(00.57x2.0) Yes Pressure Contact
ANT 16-51-03-315-000 Flat Tab
AANIP 15-51-03-415-000 Axial Pin
TL-2200 Cc/S 15-51-20-215-000 5200 026.0+50.5(01.0+2.0) Yes Pressure Conlact
cI 15-51-20-315-000 Flat Tab
TL-2300 D/S 15-51-30-215-000 13500 032.9261.3(01.3x2.4) Yes Pressure Contact
D/T 15-51-30-315-000 Flat Tab
TL-5137 DD/S 15-51-37-215-000 27000 032.92122(01.324.8) No Pressure Contact
Do 15-51-37-315-000 Flat Tab
Medium Power Cells
TP-5830 DT 15-58-30-310-000 14000 033.8:61.3(01.3-2.4) Yes Flat Tab
TP-5820 ciT 15-50-20-310-000 5500 026.0x50.5(01.0:2.0) Yes Flal Tab
Memory Back-up Cells
TL-5101 17AAIS 15-51-01-210-000 850 ©014.7225.2(00.57x1.0) Yes Pressure Contact
12AAT 15-51-01-310-000 Flat Tab
1121AA/P }5-51-01-410-000 Axial PIn
TL-5104 AANS 15-51-04-210-000 1900 014.7x50.5(00.57%2.0) Yes Pressure Contact
ANT, 15-51-04-110-000 Flat Tab
Anp 15-51-04-410-000 Axiat Pln
TL-5135 VieDiP 15-51-35.420-000 1500 032.9x10.0(01.3:0.4) Yes Plug In
TL-5134 11oD/P 15-51-34-420-000 1000 0832.947.0(01.3:0.28) Yes Plug In
TL-5186 BEL/P 15-51-86-420-000 370 022.547.0(00.9x0.28) Yes Plug in
BFL/B 15-51-86-200-000 024.0024.0(00.94:0.94) Yes Plug in
BEL/SM 15-51-86-300-000 024.0:24.0(00.9420.94) Yes SMT
High Temperature Cells (150 C}
TL-5526 cT 15-55-26-31-000 4500 026+50.5(01.0+2.0) No Flat Tab
TL-5551 [228) 15-55-55-31-000 10000 033:61.5(01.3:2.4) No Flat Tab
TL-5576 (o]olag 15-55-76-31-000 22000 033:125(01.314.9) No Flat Tab
Battery Assemblies
TL-5282/W 15-52-42-40-000 3.6V 0.7:0.652.4 Yes
TL-5253/C * 15-52-53-30-000 6.8V 0.8x1.5:2.3 Yes
TL-5280 15-52-80-20-000 7.2v 0.8¢1.5:2.3 Yes
TL-5299/W 15-52-93-30-000 6.0V 0.8+1.5:2.3 Yos
“*Additional lypes ol battery assemblies are avaliahle )
SHEET DOCUMENT NUMBER REY
COMPONENT SPECIFICATION
’ p OF 3 600000405 1.1 —
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Cooling Fan Data Sheet



SOLUTION #2
Chip Cooler (CC)

* Thinnest Chip Cooler at 10mm
* With or without Alarm

¢ Ball Bearing Fan

§ * Patented single-coil DC
Brushless motor design

L SN * Life expectancy 50,000 hours
e at80degC

* Heat resistance 3.9 C/W ‘

* Thermoplastic UL 94V-0 ‘

* Die cast aluminum

* 45x45x10

* Catalogs, call 714-583-9802

7~
e Controlled flatness to insure maximum contact.
¢ This should be used with a-thermal compound.
* To be used with 486 and Pentium processors
¢ Custom Designs available



A new approach to cooling:

e Locate cooling where you need it.

e Unique design provides high airflow with less
power and noise.

o Integrate cooling in the initial design phase.

Applications: Wherever spot cooling of devices or
enclosures is required.

e High speed microprocessors
e Data processing equipment
e Medical electronics

e Instrumentation

- (FEiTing v EE RS
Part number 0310- 5 12 | 12H
Rated voltage (VDC) 5 12 12
Operating voltage (VDC) 45-10.2-110.2-
range 55 | 13.8 | 13.8
Current (worst case) (mA) 240 | 120 | 160
Air volume (worst case) | (m*/min) 0.08 | 0.08 | 0.09
at zero pressure (CFM) 282 | 282|318
Static pressure (worst (mmH,0) 1.6 1.6 | 2.1
case) at zero airflow (inH,0) 0.063 | 0.063 | 0.083
Noise (worst case) (dB @ 1m) 26 26 28
Initial RPM (nominal) | (RPM) 6500 | 6500 | 7500
Operating temperature | (°C) -10to|-10to|-10to
range +60 | +60 | +60
Storage temp. range C) —40 to +70
Weight (grams) Approximately 8.3
Bearing (load bearing) Precision sealed ball
. Specifications subject to change without notice. Copyright ©1994 Evox-Rifa, Inc. 1194
EVOX m e -6- Tel: 708-948-9511



20 = Static Shown actual size
pressure
(mmH,0)
B P\lorst case i
- figures
1.5 = 30mm
T |
1.0 = | |
= 24mm 10mm
- & §
05 =~ In this view
_ e @ airflow is toward
% the observer.
T | T | ! I & {%\
0.05 0.1 0.15 | 30mm  — 83.2mm x 4
Airflow (m*min)
Part number 0310- 5 12 12H
T | Alarm signal available
Thermistor speed : Yes
control available
UL recognized E131310 Pend | Pend | Pend
CSA certified LR92346 Pend | Pend | Pend
Wire colors red/ | red/ | red/
(positive / negative) green | black | black
Standard wire length (mnvinch) 122/4.8 (x10mm)
Wire type AWG 28, UL rated
Voltage withstand 500 VAC for 1 minute, from leads to frame
Specified life (Hrs @ 25°C) 50,000 minimum. Data at high temperatures is available.
Specifications subject to change without notice. Copyright ©1994 Evox-Rifa, Inc. 1194

Evox HFAM -7- Tel: 708-948-9511



PW FInS Wlth Fan-<High performance Heat Sinks for LSI>

L Heat Sinks of Micro PW Fins and Micro Fans
& % combined together.
R Cooling unit to be mounted to LSI directly.

Thermal double faced adhesive tape.
Specially designed Clamp (for PGA only).
Utilization of thermal compound between
PWFins and LSI is recomended.

P Standard Products

) ) i Numbers | Height Weight ‘ Fan Motor Specifiations 1 ‘ _
Dimensions o —_— Applications
| for”Z | (mm) | (gram) | voltage(current) |
‘ ‘ i
H-632- _ Unit mm ‘ :
05 | 166 | 122 1
Hem——— - | | |
P g = = ! !
N - S s : | QFP, TCP
R \‘ 5 5 . | B y
3 ’ SV(30mA) (Pentium P54C etc.>
e S 12 -0 236 | 136 |
r oz
4 | 256 @ 14.0
H-617-—" " Unit mm
— — 3 10.0 19.5  12V(120mA)
ST LR 5 | ' paa
e - i | ‘ <e.g. Intel i486DX2,)
e - - -y Pentium etc.
z s | 12V(80mA) |
' == ey 32 1.7 215 ;
i h.) - : 5V(90mA) ‘

- d El ic Mfqg.C
Diamon ectric Mig. Co., Ltd.
. - N MHP Division

Head Office : 5-13-12 Nishinakajima, Yodogawa-ku, Osaka 532. Japan

Tel . 81-6-308 8420 Fax : 81-6-303-0832
U.S.A. Office  : 110 Research Parkway Dundee, Michigan 48131 U.SA.

Tel : (313) 529 5525 Fax : (313) 529-5359%

- 160 West Santa Clara Street, Suite 800, SanJose California 85113 U.S.A.
Tel : (408) 283 0255 Fax : (408) 283-0344

Intel 1486DX4 14R6DX2. Pentium. Pentinm PS4C are Trade Marks of Intel Cornoration



P W FInS (High Performance Heat Sinks for LSI)

P Features

- Design flexibility 1s excellent due to its manufacturing
method of Pressing and Brazing Technique.

- Larger surface area due to its structure of No Thermal
Conduction Post for Annular fins.

- No restriction for Cooling flow direction. i

- Lightweight and very small due to the very high Heat |
Transfer Efficiency.

-~ Very useful even under hot temperature due To No
soldering process. i

-~ Thermal Resistance can be reduced by several tens
percent in comparison with Pin Fins.

B Standard Products # tThhicknes.s, (;)fF‘
Model Numbers Number of Fins including Heat Receiving Plate

(e.g.—0b means b fins)

(Unit. mm)
: i i
Model Dimensions of Heat | Thickness of | Thickness of the Fin structure | Aoplication
Numbers i Receiving Plate ' Fin Plate pressed Fin pphications
H-628 12077 1.6 (Thick) 0.16 1.0 | Staggered |
H-634 2547 - 1.6 0.6 | 1.0 Staggered |
H-635 254 16 0.5 | 2.1 " In-line
H-624 ; 27 x<1.b 0.16 : 1.0 Staggered ' Intel i486DX4
H-623 r44” T < 1B 0.5 2.1 . Staggered intel 1486DX2
| ‘ ; : Natural covection
I ) . |
H-621 447 <16 0.5 2.1 ~In-line | Intel i486DX2
i Forced convection
i - parallel to Fins
H-619 447 <16 0.5 2.1 | Staggered ' Intel i486DX2
} : ' _Forced convection
} - perpendicular to Fins
H-629 50"~ ©3.0 0.5 ' 2.1 . staggered Intel Pentium
H-616 ‘547« 3.0 0.5 2.1 | staggered Intel Pentium
H-625 57«30 0.5 ‘ 2.1 } In-line DEC Alpha
H-633 75+ 3.0 0.5 i 2.1 ‘ In-line DEC Alpha

intel. |4860X2,'DX4>1.’ Pentnu%are_tradzﬁarks of Intel Corporation. Alpha is @ Trade Mark of Digital Equipment Corporation,

B Diarmand Tlacteic Mfm, Co T34
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The electronic cooling device
for your heat dissipation troubles.

What’s the MICI'O Heat PIDES (MHP)’) T——EVAPORATOR—% ADIABATIC SECTION fCONDENSER*
bbb A A
. ~

Micro Hreat Pipes (MHP) are very small
package, and Diamond has developed

MHP for the purpose of cooling of semi- Yoo OO
: ’ bttt / / A AN |
conductors and other electronic systems. HEAT INPUT !/ HEAT OUTPUT
The principle of the operation of MHP 1s CONTAINER(copper, silver, aiminum) *

WICK(mesh : M. groove : G) N
WORKING FLUID (water, alcohol)

(D Evaporation : absorb heat
2 Vapor : high speed

&/

Features of MHP 3 Condensation : radiate heat

. . @ Return of Fluid : inside of the wall
@ Thermal conductor with great thermal conductivity.
@Better thermal response compared with the metals.
@Equaliy on thermal distribution .
@Small size and light weight.
@\ o electrical or mechanical power supply required, and maintenance free.

@F!at series ; Easy to fit to any heat sources.
@Fiat series ; It can be mounted in a several different ways without changing the characteris-

tics, which is applicable to the portable electronic equipment.
@Large variety of shapes could be obtained based on the heat transfer.
@Combination with PW Fins creates many options in many usage.

as follows.

Heat transfer . fiow via MHP | W)

Typical characteristics of products
Shape : 2tx (0.8Wx 140L [Th=90c. Ta=30¢]

..Method of measurement. [T A = 140mm . Finsize

Prete v Aridai ¥l

{
vemeE -3

v
HEAT RADIATION FiIN(A I)

unit - mm

Temp. difference | AThe deg.
- Héat Pipe : H-335-140 * Copper plate

MHP niner thermal

@ resistance : R} Thermat distribution of MHP
Spape . 2t X 10.BW x (40L {Wi=5W, Ta=30¢}

Heal Input - Heat transier tiow via MHP © Wi l
m
P
Dissipatea thermal resistance : Zx e
- Heat arssipation Flow  Wo ;
Th.Tci.Tc2 Temperature of MHP (surtace] . C] t
Ta Temperature of amoient. _ C] u
Re Thermal resistance at the interface between heat r
sgurce ana mounting surtace of MHP. _ C/'W: €
Rt Therma! resistance between heat radiation fin :
. and ambient . C/W ) € 3
g‘TmB =W-Wo 'yans, . i Tet Te2
RI =Th Tc2 aggree . Points on the surface
=AThe W - C Wi MHP + Copper

<> Diamond Tlectric Mfa. Co., Lid.



(Example I>

MHP Metal
chassis
Lsi 1l Lsin
T — T
iNote) Interface between MHP and
Semiconductor device is surface contact
. <Example 2>
; ~ Metal plate i
— +
i Lsi Thefmal Vias —pwB
i Heat Spreader
[
B Standard products list
Dimensions(mm) Active Length:L (mm)
Series Type ‘
t| W | ® |~60 | 80 | 100 | 120 | 140 | 150 | 160 | (80 , 200
Flat M H-331-L |2 52 — cloC |
H-332-L |2 68 — S o2 |
H-333-L |2 85 — SRR :
H-33a-L | 2 100 — OO e |
H-335-L |2 108 — BN i o B :
| 1
H-002L | — — 2 O o1 Co o CC |
Ho3-L — — 3 -~ |C oo o o 0 o]c
: [ |
H-004-L | — — ; 4 — . C i _ oo O = oo O -
CH-005-L  — — |5 S O ST B O RGN O I B G I
JHO06L - — 8 T OO0 o D0
H-007-L | — — ) 7 O i » > |
H-008-L |— — | 8 S ‘ O S

<G> Diamond Electric Mig. Co., Ltd.

Head Office

U.S.A. Office

MHP Division

: 5-13 12 Nishinakajima, Yodogawa-ku, Osaka 532. Japan

Tel : 81 6 308 8420 Fax : 81-6-303-0832

: 110 Research Parkway Dundee, Michigan 48131 U.S.A.

Tel : (313) 529 5525 Fax : (313) 529-5359

- 160 West Santa Clara Street, Suite 800, SanJose California 95113 U.S.A.

Tel : (408) 283 0255 Fax : (408) 283 0344
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MIL-1-23053/58B
01 May 1986
SUPERSEDING

MIL-1-23053/5A

20 May 1976

MILITARY SPECIFICATION SHEET

INSULATION SLEEVING, ELECTRICAL, HEAT SHRINKABLE,
POLYOLEFIN, FLEXIBLE, CROSSLINKED

This specification is approved for use by all Depart-.
ments and Agencies of the Department of Defense.

The complete requirements for acquiring the sleeving described herein shall
consist of this document and the latest issue of MIL-1-23053.

REQUIREMENTS:

Continuous operating temperature range: Classes | and 2: -55°C (-67°F) to
+135°C (+275°F); Class 3: -25°C (-13°F) to +125°C (+257°F).

Classification: The heat shrinkable sleeving shall be furnished in the
following classes, as specified (sec 6.2.1):

Class 1 - Flame resistant
Class 2 - Flammable (clear only)
Class 3 - Highly flame resistant

 Color: Class 2 shall be furnished in clear. Classes ) and 3 shall be
- furnished in colors only. Colors shall conform to the requirements of Class 1

of MIL-STD-104. -

Longitudinal_change: Classes 1 and 2: + 5 percent, overexpanded sleeving
+5, -50 percent; Class 3: +1, -10 percent.

Military part number: The Military part number shall consist of the bastc
number of this specification sheet and dash numbers as follows:

M23053/5 - XXX -

‘ | [-——-— Color designator (see 1.2.2)

Size identifier (see Table I)

Class (MWhere no classes are specified,
the numeric "O" shall be used)

Specification sheet

NOTE: Entire specifiction sheet revised.

DISTRIBUTION STATEMENT A, Approved for public release; distribution is untimiteg.

D e e = s e e emm——

THIS DOCUMENT CONTAINS tﬂ PAGES.
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NIL-I-23053/58 59 W@ 999990L 0027334 4 mm

: Class 1, gray (slate),
be ldentified as M23053/5-106-8.

MIL-1-23053/58

inches (mm). 1/

0.250 inch (6.35 mm)‘as supplied ID sleeving

TABLE I. Construction detalls,

T Military TAs suppliied After unrestricted shrinkage

part number ID minimum ID maximum Hall thickness 2/
3/

Class 1
M23053/5-101-*| .046(1.17) .023 (.58) {.016 + .003 (.406 + .076)
M23053/5-102-*| .063(1.60) 031 (.79)  [.017 + .003 (.432 + .076)
M23053/5-103-*| .093(2.36) .046 (1.17) }1.020 + .003 (.508 + .076)
M23053/5-104-* 1 .125(3.18) .062 (1.58) |.020 + .003 (.508 + .076)
M23053/5-105-*1 .187(4.75) .093 (2.36) |.020 + .003 (.508 + .076)
M23053/5-106-*| .250(6.35) 125 (3.18) [.025 + .003 (.635 + .076)
M23053/5-107-*{ .375(9.53) .187 (4.75) {.025 + .003 (.635 + .076) -
M23053/5-108-* | .500(12.7) .250 (6.35) 1.025 + .003 (.635 + .076)
M23053/5-109-*1 .750(19.1) .375 (9.53) |.030 + .003 (.762 + .076)
M23053/5-110-*| 1.000(25.4) .500 (12.7) |.035 + .005 (.889 « .127)
M23053/5-111-* | 1.500(38.1) 750 (19.1) [.040 + .006 ¢1.016 + .152)
M23053/5-112-* { 2.000(50.8) | 1.000 (25.4) [.045 + .007 (1.143 ¥ .178)
M23053/5-113-*1 3.000¢(76.2) | 1.500 (38.1) |.050 + .008 (1.270 % .203)
M23053/5-114-* { 4.000¢101.6) | 2.000° (50.8) {.055 + .009 (1.397 + .229)
OVEREXPANDED
M23053/5-115-*] 1.000(25.4) .275 (6.99) 1.045 + .007 (1.143 + .178)
M23053/5-116-*| 2.000¢50.8) .550 (14.0) [.045 + .007 (1.143 + .178)
M23053/5-117-* | 3.000(76.2) .810 (20.6) [.045 + .007 (1.143 + .178)
M23053/5-118-*| 4.000¢101.6) | 1.050 (26.7) |.045 ¥ .007 (1.143 %-.178)
M23053/5-119-* | 1.000(25.4) .462 (11.7) 1.045 + .007 (1.143 + .178)

! M23053/5-120-* | 2.375¢(60.3) .680 (17.3) [.045 + .007 (1.143 + .178)
' M23053/5-121-*{ 3.000(76.2) .840 (21.3) {045 + .007 (1.143 + .178)

M23053/5-122-*| 3,750(95.3) .930 (23.62) {.045 + .007 (1.143 + .178)
M23053/5-123-* [ 4.500(114.3) | 1.450 (36.83) [.045 + .007 (1.143 & .178)

Class 2
M23053/5-201-C| .046C1.17) 023 (.58) .016 + .003 (.406 + .076)
M23053/5-202-C| .063(1.60) 031 (.79 .017 + .003 (.432 + .076)
M23053/5-203-C§ .093¢(2.36) 046 (1.17) [ .020 + .003 (.508 + .076)
M23053/5-204-C| .125(3.18) 062 (1.58) | .020 + .003 (.508 + .076)
M23053/5-205-C| .187(4.75) 093 (2.36) | .020 + .003 (.508 + .076)
M23053/5-206-C| .250¢6.35) 125 (3.18) [ .025 + .003 (.635 + .076)
M23053/5-207-C| .375(9.53) 187 (4.75) | .025 + .002 ¢.635 + .076)
M23053/5-208-C| .500(12.7) 250 (6.35) | .025 + .003 ".635 + .076)
M23053/5-209-C| .750(19.1) 375 (9.53) | .030 + .003 (.762 + .076)
M23053/5-210-C| 1.000(25.4) 500 (12.7) | .035 + .005 (.889 + .127)
M23053/5-211-C{ 1.500(38.1) 750 (19.1) | .040 + .006 (1.016 + .152)
M23053/5-212-C| 2.000¢50.8) | 1.000 (25.4) | .045 + .007 (1.143 ¥ .178)
M23053/5-213-C| 3.000(76.2) | 1.500 (38.1) | .050 + .008 (1.270 ¥ .203)
M23053/5-214-C| 4.000¢101.6) | 2.000 (50.8) | .055 & .009 (1.397 + .229)
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n T MIL-1-23053/58

E ‘ TABLE I. Construction detalls, inches (mm). 1/ - Continued

— — Military ~ |As suppiied After unrestricted shrinkage

m part number ID minimum ID maximum Wall thickness 2/

3/
A e = = - -
— Class 3

F M23053/5-301-* L046(1 1) .023 (.58) .016 + .003 (.406 + .076)

) M23053/5-302-* .063(1.60) .031 (.79) .017 + .003 (.432 » .076)
M23053/5-303-* .093(2.36) .046 (1.11) .020 + .003 (.508 + .076)
M23053/5-304-* .125(3.18) .062 (1.58) .020 + .003 (.508 + .076)
M23053/5-305-* .187¢(4.75) .093 (2.36) .020 + .003 (.508 + .076)
M23053/5-306-* .250¢6.35) | .125 (3.18) .025 + .003 (.635 + .076)
M23053/5-307-* .375(9.53) .187 (4.7%) .025 + .003 (.635 + .076)
M23053/5-308-* .500¢12.7) .250 (6.35) .025 + .003 (.635 + .076)
M23053/5-309-* .750€019. 1) .375 (9.5%) .030 + .003 (.762 + .076)
M23053/5-310-*{ 1.000(25.4) .500 (12.7) .035 + .005 (.889 + .127)
M23053/5-311-*1 1.500(38.1) .750 (19.1) .040 + .006 (1.016 + .152)

—_ ey ——

|/ Diameter limits for object to be enclosed shall be as recommended in
technical data.

Kall thickness values are less when shrinkage is restricted.

3/ The asterisk in the part number shall be replaced by color code
designations (see 1.2.2).

Unrestricted shrinkage: Test method 4.6.5: 200° + 2°C (392° + 4°F) for 3
minutes. ‘

TABLE II1. Physical properties. 1/

Characteristic Requirement Jest procedure and conditions
. R

As supplied:
1D, minimum Table 1 4.6.3

Heat shock No cracks, 4.6.8 Classes 1 and 2: 250° +
flowing or (482° + 6°F); Class 3: 225° «+
dripping (437° + 6°F) :

Secant modulus, 25,000 (172.4) 4.6.13.1, 2 percent strain, ASTM
pst (MPa), D 882
max imum

Concentrictty 70% minimum 4.6.3.3

(50% minimum for
over expanded sizes)

N
S~
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3— -




MIL-I-23053/58 Sﬁ-ll 999990k 002733bL 8 M

MIL-1-23053/58

TABLE II. Physical properties. 1/

Characteristic " Requirement Test procedure and conditions

Color stabllity Pass 4.6.16 175° + 2°C
(347°+ 4°F), 24 hours

Clarity stability Pass 4.6.17 175° + 2°C
Clear (347° + 4°F), 24 hours

Restricted shrinkage} No cracks 4.6.6.1.1 1
(347° + 4°F

Voltage withstand Pass 4.6.6.2 ;

Affer unrestricted
shrinkage:

ID, maximum Table I 4.6.3
Wall thickness Table I 4.6.3
Tensile strength, 1,500 (10.3) 4.6.14 ASTM D 638, 20 inches/minute
psi (MPa), minimum .
. Ultimate elongation, | 200 4.6.14 ASTM D 638, 20 inches/minute

percent, minimum

Dielectric strength, 500 (19.7) 4.6.2 ASTM D 2671
volts/mil (Kv/mm),
minimum

Volume resistivity, Classes 1 & 4.6.2 ASTM D B76
Ohm-cm, minimum 3 -10'%;

Class 2 - 10'¢

Dielectric constant, Classes 1 and 4.6.2 ASTM D 150
maximum 3/ 3 - 3.1
Class 2 - 2.7
Specific gravity, Class 1 - 1.35 4,6.2 ASTM D 792
max imum Class 2 - 1.00
Class 3 - 1.50
Hater absorption, Classes 1 and 4.6.2 ASTM D 570, 24 hrs.at 23°C
percent, maximum 3 - 0.5
Class 2 - 0.2
Corrosion No corrosion 4.6.10.1 and 4.6.10.2
175° + 2°C (347° + 4°F),
16 hours
4

L e - ——— et
v

-
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[Characteristic

e —

TABLE II.

Low temperature
flexibility

Flammability

Heat resistance,
property after:

Ultimate
elongation,
percent, minimum

Fluid resistance,
property after:

Tensile strength,
psi (MPa),
mintmum

Dielectric strength,
volt/mil (Kv/mm),
minimum

Fungus resistance 2/

HIL-I-EBUSB—/SB 59 s 999990k 0027337 7 W

MIL-1-23053/58

“| Requirement

No cracking

Class 1 - self-
extinguishing
within one
minute and no
more than 25
percent of in-
dicator flag
burned or char-
red. No drip-
ping, flowing of
large sizes;

Class 2 - N/A;

Class 3 - Pass

100

1,000 (6.9)

400 (15.8)

No growth

Physical properties. 1/ - Continued

4.6.7.1 Classes 1 & 2:
-55° + 1°C (-67° + 2°F);
Class 3: -25° + 1°C
(-13° + 2°F)

4.6.15.1

" 4.6.15.3%

4.6.9 for 168 hours, Classes
1 and 2: 175° « 2°C (347° + 4°F);

Class 3: 150° + 2°C (302° + 4°F)

4.6.11 (Use 23°C, not 35°C).

4.6.2 ASTM G 21

“Test procedure and conditions |

1/ Unless otherwise specified, the stated requirements, ‘est cond!tions
and procedures are for all classes.

2/

MIL-1-23053/5 matertals do not normally support fungus growth. Per-
formance of this requirement is at the option of the acquisitton

activity (see 6.2.1)




HIL-I-23053/58 59 =@ 999990b 0027338 1 =m
MIL-1-23053/58

3/ Diclectric constant is a requirement only when specified in acquisition

document. ’
Shelf life conditions: Supplier shall certify to storage at 40°C (104°F) for
4 years. Conformance to 3.5. See 3.5.2 for shelf life extension.

Intended use: Heat shrinkable flexible polyolefin sleeving is used for 1ight
duty harness jackets, wire color coding, marking or ident!fication.

NOTE:

a. Flammability - Class 2 heat shrinkable sleevings
described in this specification sheet have not
been flame retarded and will burn readily. These
sleevings (Ctass 2) shall not be considered for

acquisition when flame resistance is required.

= e Y

Custodians Preparing activity:
Army - ER Navy - AS '
Navy - AS
Alr Force - 85 (Project 5970-0577-05)

Review activities;

Armv - AR, ER, MI
Mavy - EC ‘
44r Force - 99

DLA - GS

User activities: )
Army - ME N
Navy - MC
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COMPONENT SPECIFICATION
R Djversified COMPONENT SPECIFICATION NO.: 170001100

. JTechno'ogy DESCRIPTION: __ Surface Mount Capacitor, 100uF @ 10V, 20%
An Ergon Co. — Tolerance, E Case Size, 05-CON

MANUFACTURER

0S-CON (SANYO) 10SM100M

B Table 8—1 SM Series Characte‘ristics List

Size Part Number leatted Norr!itnal T|angent 'of Leakage %2 ES.R, ]
Cod oltage capacitance oss angle current (100~300K Hz )
ode _ ¥ ") _ (#F) (less than) |(xA)(less than)[(m Q) (less than)
20SM47M Y DR B 0.07 70 T80 ]
£ 20SMB8M I R - T 0.07 680 | 80
10SM100M .10 I A [ 0.08 00 | 80 L
6SM150M 63 150 0.0 | 472 80

. Dimensions amit mm) H
Explanation of Code Number
WH+0EMAX LHUeMAX P

_ e
I j ( I—@' SL 4R/ M + TS

B M 2 T N (51

| I Taping or forming code (1 or 2 figures)

]/H +02MAX
M A ‘J ;:‘53 I

e $<_w,mx )'

Lin

; I Capacitance tolerance (1 figure)
M IH
i

Capacitance (1~ 3 figures)

Pg? J
) Q Series name (2 figures)

i

L Rated voltage (1 or 2 figuPes)

MPONENT SPECIFICATION |{Sheet 1| of 2 DOCUMENT #: 170001100 REV: ] .0

DTI FORM 2010

e\ engheef\!brms\ compspec.chp 5-4-94
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Pin and Socket Connectors rpole;

Current Rating (Current Density)

Current rating is key to selecting the right connector. It is
stated in amperes per circuit with each circuit of the
connector carrying the rated current. The rating is based
on the current level passing through the terminal resulting
in a 30 degree Centigrade (maximum) temperature rise.
The current level is then de-rated due to adjacent terminal
heating, based on the number of circuits in the housing
(insulator).

Connector Size (Circuit Density)

Gircuit density, expressed in circuits per square inch, is a
relative measure of the size of a connector as refiected in
the number of circuits that can be accommodated in one
square inch of real estate. The higher the circuit density,
the smaller the connector. Connector size is a major
design consideration in printed circuit board applications
and where equipment downsizing is required. When a
connector is mounted in a panel or bulkhead, size may
also be a factor.

Engagement Force

Engagement force, measured in pounds per circuit, is the
effort required to mate the plug to the receptacle. Total
connector engagement torce is approximated by muitiply-
ing the number of circuits in the housing by the per circuit
engagement force. (Due to other factors, actual force may
be somewhat higher.) Engagement torce can be a major
concern in higher circuit count housings due to potentially
high total mating forces, and in printed circuit board
applications where high mating forces could damage the
printed circuit board. in these cases a connector family
with a lower engagement force or a terminal having a
lower engagement force within a family should be chosen.

Wire Size

The size of wire to which terminals are crimped is not
generally a critical consideration. The Molex connectors
listed on this chart will typically accommodate the range
of 16-28 AWG. Should your application require a heavier
wire gauge (a smaller AWG number) for mechanical
strength or current carrying capability, choose a compatible
connector family.

Contiguration and Circuit Size

Molex power connector families are all available in free-
hanging or pane! mounted wire-to-wire configurations.
Most are also offered in vertical printed circuit board

header assembly configurations. PC tail terminals can be
used to customize the standard plug with any combination
of male and female pc (solder) tail terminals. Right angle
header assemblies are also available in some connector
families.

Choose the circuit size that meets your specifications
based on:

current rating

. number of module-to-module interconnects needed
total connector engagement force

. size of the connector

A

Operating Voltage

The voltage rating is established by U.L. standards at
either 250 or 600 voits. These voltage ratings are RMS
values (Root Mean Square) and therefore apply to both
AGC and DC voltages. Generally the higher voltage ratings
are obtained by fully enclosing both the male and female
terminals in the housing (insulator). Shrouded housings,
or fully isolated contacts also off8r protection of the
contacts during assembly and handling of your products.

Materials and Plating

Housings are available in nylon with a flammability ratings
of UL 94V-2 and, in some families, a 94V-0 rating. The
higher 94V-0 rating indicates that the material will
extinguish itself (in case of fire) more rapidly than the
94V-2 material. A 94V-0 rating does not infer a higher
operating temperature rating, but rather a higher resistance
to flame continuance.

The standard terminal plating options available for Molex
power connectors are tin, tin/iead, and overall or select
gold. Tin plating is appropriate for most applications
where per circuit currents are above 0.5 amperes. Gold
plating should generally be specified in applications
where signal or low current lines are used, high mating
cycles (>30cycles) are likely, or within harsh environments.
Terminal base materials offered are brass and phosphor
bronze. Brass is the standard material and affords an
excellent combination of strength and current carrying
capability. Phosphor bronze is recommended where:

1. a thinner base material is used to obtain a lower
engagement force

2. high engagement/disengagement cycles are likely.

3. prolonged exposure 10 high ambient temperatures
are likely.

3K
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molex

Mini-Fit Family High Current/High
Density Power Connector System

N,

% The Mini-Fit Family of High Current/High Density Power

' Connectors is designed to meet your requirements for a
interconnection system with the broadest possible
configurations and options. The Mini-Fit Family allows you the
greatest design flexibility in your product’s interconnection
system, allowing you to interconnect:

Mini-Fit, Jr.
O Wire to Wire
O Wire to Board (vertical header)
O Wire to Board (right angle header)
Mini-Fit, BMI
O Blind Mating Wire to Wire
- O Blind Mating Wire to Board (parallel mounting®
0O Blind Mating Wire to Board (right angle mounting)
O Blind Mating Board to Board (parallel boards)
O Blind Mating Board to Board (right angle boards)
Mini-Fit, TPA
O Wire to Wire with Secondary Terminal Retention (TPA)
O Wire to Board (vertical header) with TPA
O Wire to Board (right angle header) with TPA

The Mini-Fit, Jr., Mini-Fit, BMI, and Mini-Fit, TPA accept the
same terminals and application tooling further reducing your
design and qualification effort.

The Mini-Fit Family also features:

O Current rating up to 9 amperes per circuit
600 volt rating

Positive housing locks

Fully isolated terminals

Low engagement force terminals

Available in 94V-2 and 94V-0 materials

UL recognized, CSA certified, TUV licensed
10 milliohm contact resistance

Ooogcooaog

UL Recognized, CSA Certified and T.U.V. Licensed

° Temperature Rise Max. ("C
0 24 P rcy Mating Force Vs. Circult Size

30

Max Insertion
(trutialy

— I o F
; o 3
7 x x /
: : <
© S 4 Max Mating
é’ w (30" Cycle)
@ s /
5
® 10
é Min Unmatng
o {Imtial)
[
Min. Unmating
[_ (30™ Cycle)
Id
— = e e -
0 —— et - — 3 1 L e 1
2 4 [ 8 10 12 14 16
2 Circuit _ _ _ _ _ __ Ckt. Si
t. Size ———»
16 Circuit !

Specifications
Electrical:

Material:

Terminal — Brass or Phosphor Bronze

Plating — Tin or Select Gold

Housing — UL 94V-0 nylon 6/6 or UL
94V-2 nylon 6/6

4K

Mechanical:
Temperature Rise — (Carrying rated
current load) 30°C max.

Mating Force — 0.7 kg./1.54 Ibs. per
circuit max.

Unmating Force — .05 kg./.11 Ibs. per
circuit min. initial
.04 kg./.09 Ibs. per circuit min. after 30
cycles

Voltage Rating — 600 (RMS)
Current Rating — 9 amps - 2, 3 circuits
8 amps - 4, 5 and 6 circuits
7 amps - 8 and 10 circuits
6 amps - 12, 14, 16, 18, 20, 22 and 24
circuits
Contact Resistance — 10m{l max.
Insulation Resistance — 1,000 M min.
Dielectric Strength — 1,500V ac




ini-Fit Family

®
molex
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Mini-Fit, Jr.

a Mini-Fit, Jr. Series is designed for high
curent/high density applications which require the
E design flexiblity of wire to wire and wire to board
‘configurations in the interconnection system. The
g Mini-Fit, Jr. is appropriate for both power and signal
spplications as it can carry currents ofupto9
amperes/circuit and has a 10 milliohm contact
resistance.

D Current rating up to 9 amperes per circuit
k- 0 600 volt rating

0 10 milliohm contact resistance

0 Positive housing locks

£ o Fully isolated terminals

0 Low engagement force terminals

g O Available in 94V-2 and 94V-0 materials

< 0 Available in 2 thru 24 circuit housings

D Uses standard Mini-Fit series terminals

o UL File No. E-29179, CSA File No. 19980 TUV licensed

Q&\

5556-+

42232-¢4
Polarizing Key
(For use with
Standard Plugs
and Receptacles)

Female Crimp Terminal

%

5559-«+P1
Plug W/O Mtg. Ears

oY

5559-+4P
Plug W/Mtg. Ears

5560-++A2+ 1 5560-4¢A1s
Right Angle Header Right Angle Header
W/MIg. Pegs /Mtg. Flanges

\

~

Male

.

5558-«
Crimp Terminal

With and Without
Drain Holes
5557-++R 5556-0+A20 5566-+2As
Receptacle 5556-++B24 5566-+48¢
Vertical Header Vertical Header
W/Mtg. Pegs W/0O Mtg. Pegs

- L5 =
.- Ordering Information (Order Terminals From Page 11K) Vertical Shading Indicates Single Row Version
‘ CIRCUIT SIZE Dual Row | Single Row | 02 03 04 o5 | 06 [ 10 12 14 16 18 20 22 2
Amperes/Circuit (Max)* 9 " .| 8 ] 8 7 7 ] 6§ | 6 ) 6 6 1
Voltage Rating (Max)* . 600 800 600 $00 600 600 600 600 00 600 600 600 600
Dim A inch ﬂ&ﬂﬂﬂ&ﬂ@@lﬂﬂﬂ@@ﬂ
mm 54 38 | 96 138 | 180 | 222 | 264 | 3086 | 348 | 390 | 432 | 474 | 5,
RECEPTACLE (5557-NR)** _Uses Female T ) 5556
94v-2 T39-07-XXXX | 39-01-XXXX | o 2020 | @ 4030 [ #2040 ] # -4050 | » -2060 [« 2080 | #2100 [ #-2120 | »-2140 [ @ -2160 | @ -2180 [ @ -2200 [ # -2220 [ @ -2240
94V-0 [3901-XXXX | 3-01-XXXX | @ 2025 | & -4031 | @ 2045 | @ -4051 T 2065 | @ -2085 | 2105 | #2125 | @ -2145 | @ 2165 | ® -2185 | @ 2205 | » -2225 | o -2245
PLUG (5559-NP)** Uses Male Termina! 5558
Pane! Mouni 4.2 ] 38.01-XXXX | 38.01-XXXX | @ -2021 | @ 4032 | » 2041 | ® 4052 [  -2061 [ & -2081 [ ® 2101 | @ 2121 | @ -2141 | @ 2161 } @ 2181 | C/F C/F | CIF
aav 0 T30:01-XXXX | 3801X0XX | & 2026 | 4033 | #2046 | @ 4053 | # -2066 | #2086 | #2106 #2126 [ 2146 | @ 2166 [# 2186 | C/F | C/F | C/F
Froe Hanging 84v-2 | 39-01-XXXX | 39-01-XKXX | 3023 | @ 4036 ] @ 3043 | © 4056 | #3063 | 3083 } @ :3103 | @ -3123 314383163 C/F | C/IF | CIF | CIF
: S4v0 | 39.01.XXXX | 3801-XXXX | #3029 | ® 4037 | @304 | @ 4057 | #3060 | @309 [ -3109 [e 3129 ] #3149 j@ 31891 C/F | C/F | C/F C/F
Panel Cutout “E" inch 425 | 768 | 591 | 1087 [ 756 | 2t | 1.087 | 1262 | 1417 | 1583
mm 08 | W2 | 150 | 778 | 92 | 234 | 276 | 318 | 360 | 402
STRAIN RELIEF (41995)** | 15-04-XXXX CIF e 03401 C/F |e0204] C/F |e0296]{e0343| C/F |e-0345] C/F | C/F | C/F | C/F | CF | CF
" POLARIZING KEY (42232) | ® 15-04-0211] @ 15-04-0211 | Use with Receptacle Housing (5557)
A RIGHT ANGLE HEADER (5569-N) Tin Piated
PCB Mounling Flanges 84V-2] 39-29-XXXX | 38-00-XXXX | #1028 [ ® 3031 [ 1048 j@ 3051 | #1068 | #1088 | @ 1108 | ¢ -1128 | ® 1148 1168 | ® 1160 [ @ -1208 [ @ -1228 | » .1248
94v-0 | 39-20XXXX | 30-30.XXXX | @ 1027 | #3032 [ @ -1047 | @ 3052 | @ -1067 | ® -1087 ©-1107 | ®-1127 | ®-1147 | @ -1167 | @ -1187 | #1207 | @ 1227 | @ -1247
s PCA Mounting Pegs 94V-2__| 39-30-XXXX | 39-30-XXXX | 102013035 | @ 1040 | @ 5055 ] © 1060 | @ -1080 | & -1100 @ .1120 e.1140 [e-1160| C/F | C/IF | CIF | CIF
; 94v-0 | 39-30-XXXX | 38-30-XXXX [e-0020|® o 0040 | #3056 | » 0060 | @ 0080 | $ 0100 ] #0120 |@ 0140 [e 0160 | C/F | C/F | C/F | CiF
e RIGHT ANGLE HEADER (5569-N) Gold Plated (30 Microinch) \_~
R PCB Mounling Flanges 94V-2] 39-20-XXXX | 38-30-XXXX [ » 5023 #3033 | # -5043 | @ 3053 | @ 5063 | @ -5083 | # -5103 | @ :5123 © 5143 | » 5163 | » -5183 [ @ -5203 | ® .5223 | @ -5243
: 9370 | 39.200(XX | 39.30.XXXK | ® 4029 | ® 3034 | ® 4049 | @ -3054 | & -4069 [ @ 4089 | @ 4109 | # 4120 [ @ 4149 | ® 4160 | @ -4189 | @ -4209 1 @ 4220 | 0 4249
k. PCH Mouniing Pogs 94v-2_ | 38-30-XXXX | 39-30-XXXX | @ -1021 | ¢.3037 | @ 1041 | @ 3057 ] # 1061 [ ®-1081 1@ -1101 1@ -112] 0 1141 e.1161] C/F | C/F | C/F | CIF
" 9av0 | 39.30.XXXX | 38.30-XXXX | ® 1022 | #3038 | 1042 | 3058 [ e 1062 | e -1082 [ @ -1102]e-1122 @ 1142 [®-1162] C/F | C/F | C/F CIF

**Strain relist accepts both plug and receptacie. Requires use of "Free Hanging® Plug (w/o ears).

*.S. Standard Product, available through Molex franchised distributors.
C/F = Consult factory, part designed or in 1ooling after publication date.
‘Rating based on fully loaded housings.

Accepls standard receplacle in sizes 6-24. For 2 or 4 circuit, strain reliet uses receptacle Order No. 38-01-3042 (94V-2) or 39-01-3048 (34V-0).

5K




Mini-Fit Family holeX

- Mini-Fit Jr.

5557-NR Housing 5566-NA Header Assembly Vertical Header w/o Pegs  Vertical Header w/Pegs
Uses 5556 Terminal Peg Mounted Version Available P.C. Board Layout P.C. Board Layout
772 a7 Cki No.9 ,.504 138 C a7 18 018
1980 53 A—Hh 128]]3s 55 R 300 P [ 217 048 P
o TTH 21 )OUEEEDT 1 fs.s0
.H’J‘O‘Oﬁ‘ﬂ‘mﬁﬁj} it | ey + da $.055 :
457 [] 165 ¢1.40 ;osi\.__” 5| _+32
Cxt.No. 123 42 g a2 3 2 Ckt. No. 1 ™ 2 e Ty;’{‘gm 420 ci'sr T
T Y .
5559-NP Housing Mounting Hole Details for Single Row
Shown with Optional Panel Mounting Ears §559-NP Housing
Uses 5558 Terminal Dual Row 157
4,00
[ — 50 A]
063 3,30 :
L% e 8] a0 I 5 2
25 TE 2,54 ‘1’ """ i r;‘ 7,40
S S Max. Panel I 2528
R 1 Thickness L=<
220]  |.394 580
58 10
E——
5§569-NA Right Angle Header
Flange Mounted Version
165 394
.504
193 Okt No.5,%? I 100 bos Right Angle Header w/ Right Angle w/Pegs P.C.
49 | (& — N W PCH Flanges P.C. Board Layout Board Layout 6-24 Ckis.
QICQG) /7
166 071 165
.No. 4 " | Ckt. No. 1 P.C. Tall Length — Typ~ — Typ. 6071
Ckt .137 A:: tes 43 ';2;, (3.5mm) 217 42_ f dutzs d‘r"' - :‘I Td.z.
5.0 @2 " e 440 x 5/16 Screw 55l * T ar Cki. #6
—~—r Max. 165/ 267 ¢ Ckt #1
— ) 7.
Peg Mounted Version 42 45 30 AN AL
B 2 Pics. #3,0
KTl 14 Typ.
LA B
Tl 1
6

Ordering Information Vertical Shading Indicates Single Row Version

CIRCUIT SIZE Dual Row [ Single Row 02 03t [1] 05 06 08 10 12 1 18 18 20 2 24
Amperes/Circuit (Max)* 9 9 8 8 8 7 7 [] 6 6 8 8 6 LJ
Voitage Rating {(Max)* 600 800 800 800 600 600 600 600 600 600 600 800 800 800
 DimAjnch 213 | 543 | 378 | 874 | 543 | 709 | 874 | 1039 | 1.205 | 1370 | 1.535 | 1.700 | 1.865 | 2030
mm 54 138 9,6 22 138 18,0 222 264 30,6 3.8 39,0 432 7,4 16
VERTICAL HEADER (5566-N) Tin Plated ——y

Low Profile Mounting 94V-2 | 39-28-XXXX 4  N/A 1023 ) N/A 1@-1043| N/A |©-1063 [ @-1083 he -1103)] @ 1123 [ @ 1143 [ 1163 [9.1183 | ¢-1203 | @ .1223 | » .1243
94v-0 [ 39-28-XXXX N/A 80201 N/A |e-8040( N/A [e-8060 | ®-8080 | #-9100 | @ -8120 [ 8140 | @ -8160 | ® -8180 | & -8200 | @ 8220 | ® 8240

Drain Holes 94V-2 | 39-29-XXXX N/A 3066 f N/A |-3066 )] N/A | ®-3066|e.3086 | ®-3106 [ ® -3126 | .3146 | 3166 | C/F C/F C/F CIF

94V-0 | 39-31-XXXX N/A 0020 | N/A 1 e-0040f N/A | -DO60 | e-0080 | ®-0100 [ #0120 |®-0140 [e-0160 | C/F CIF CIF CIF

PCB Mounting Pegs 94V-2 | 39-29-XXXX | 38.20-XXXX
94V-0 | 39-29-xXxX | 39-30-XXXX

Dvain Holes 94v-2 | 39-29.XXXX | 39-30-XXXX

94v-0 | 39-29-XXXX | 39-30-XXXX

VERTICAL HEADER (5566-N) Gold Plated (30 Microinch)
Low Profile Mounting 84V-2 | 39-29-XXxX N/A ©-00231 N/A 1e-0043| N/A 1e-0063 ] -0083 [e-0103[e-0123]e.0143 e 0163] C/F C/F C/F C/F
94v-0 | 39-29-XXXX N/A ®-6028| N/A |e-6048]| N/A 1e-5068 | ® 6088 | @ 6108 | ®-6128 |®-6143 | @ 6168 | C/F CIF CIF C/F

Drain Holes 94V-2 | 39-31-XXXX N/A ©-0027 | N/A_|®-0047] N/A {e-0067 | ®-0087 | » 0107 [ @ 0127 | @ .0147 | @ 0167 | C/F C/F C/F C/F
L ]
L]
L]

9027 [©-2030 | #9047 | C/F | «-9067 | @-9087 [ ®-9107 [#.9127 [® 9147 | ¢ 9167 | C/F C/F C/F C/F
-9022 [@-2035 | ®-9042 | C/F | -9062 | »-0082 | @-9102 | #9122 | @ 9142 | @ 9162 | C/F C/F C/F C/F
-9026 ] -2038 [ ®-9046 | C/F | -9066 | ¢-9086 { @ -0106 | @ -9126 | ® 9146 | » 9166 | C/F CH C/F C/F

.
L]
.
°
©-1039 | ¢-9043| C/F |e-0063 | @-0083 |#-9103 [e 9123 [e 8143 ] e-0163| C/F C/F C/F C/F
°
L]
.

ofofelelaiolo]e
&
]

94V-0 | 39-31-XXXX N/A 00281 N/A |e00481 N/A |@-0068 | ¢-0088 | @-0108 [@ 0128 @ 0148 | @ 0168 | C/F C/F C/F C/F
PCB Mounting Pegs 94V-2 | 39-29-XXXX | 39-30-XXXX -9025 [ @-2031 | ®-9045 | C/F | ®-3065 | »-0085 | @-9105 | #9125 | @ .9145 | 8165 | C/F C/F C/F C/F
94V-0 | 39-29-XXXX | 39-30-XXXX |®-0029 j¢-2032 [¢-9049 | C/F |e.0069 | ®-9089 | ®.0109 | @ 9129 {9143 (@ 8169 | C/F C/F C/F C/F
Drain Holes 94V-2 | 39-29-XXXX | 33-30-XXXX | @ -9024 [ ¢ .5009 1 @ .9044 | C/F | @ 9064 | ® .9084 | & 9104 | #-9124 1@ 9144 { #9164 [ C/F C/F C/F C/F
94v-0 | 39-28-XXXX | 39-30-XXXX | e-9028 | @ 6030 [ @ 9048 | C/F | e -9068 | ».0088 | » .9108 ®-9128 [ 9148 | @ 0168 | C/F C/F C/F C/F
train relief accepts both plug and receplacie. Requires use of *'Free Hanging" Plug (w/o ears).
.ccepts standard receptacle in sizes 6-24. For 4 circuit, strain relief uses receptacle Order No. 39-01-3042 (94V-2) or 39-01-3048 (94V-0).
~wU.S. Standard Product, available through Molex franchised distributor.
C/F = Consull factory, part designed or in tooling after publication date
*Rating based on fully loaded housings

6K
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List of Abbreviations and Acronyms

A Amps

AHr Amp Hours

ANSI American National Standards Institute
APM Advanced Power Management
APWII Advanced Portable Workstation II
ARPA Advanced Research Projects Agency
BIOS Basic Input Output System

BITF Built-in Test Facilities

BM Battery Module

°C Degrees Celsius

C Charge

CPU Central Processing Unit

CRT Cathode Ray Tube

DM Display Module

DRAM Dynamic Random Access Memory
DMA Direct Memory Access”

ECC Error Correction Code

EDAC Error Detection and Correction

ECL Emitter Coupled Logic

°F Degrees Fahrenheit

GUI Graphical User Interface

HDDS High Definition Display Systems
HDTV High Definition Television

Hz Hertz

IDE Integrated Drive Electronics

IEEE Institute of Electrical and Electronic Engineers
ISA International System Architecture
KB Kilo Bytes

KM Keyboard Module
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LAN Local Area Network

Ibs pounds

LCD Liquid Crystal Display

mAh Milli Amp Hour

MHz Megahertz (1,000,000 Hz)

NASA National Aeronautics and Space Administration
NTSC National Television Standards Committee

PC Personal Computer (Apple, DOS, UNIX, etc.)
PCI Peripheral Component Interconnect

PCMCIA Personal Computer Memory Card International Association
PCT Portable Computer Technology

PDA Personal Digital Assistant

PWA Printed Wiring Assembly

RTC Real Time Clock

SAIC Science Applications International Corporation
SCSl1 Small Computer System Interface

SIMM Single Inline Memory Modules

SNB Subnotebook

SRAM Static Random Access Memory

SVGA Super Video Graphics Accelerator

TFT Thin-Film-Transistor

v Volts

VESA

VGA Video Graphics Accelerator

WSM

Wireless Server Module




